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Program of the 30th JAIF Annual Conference
April 8—April 11, 1997
Hall C, Tokyo International Forum
(As of April 1, 1997)

Main theme: Nuclear Energy —Let's Talk Now
TUESDAY, APRIL 8

REGISTRATION(18:15—) & WELCOME RECEPTION (19:00—20:30)
at Peacock Room, Imperial Hotel

WEDNESDAY, APRIL 9

REGISTRATION(8:15—) at Hall C, Tokyo International Forum
OPENING SESSION (9:00—12:00)

Chairman:
Fumio Watanabe Vice Chairman, Japan Atomic Industrial Forum

JAIF Chairman's Address
Takashi Mukaibo Chairman, Japan Atomic Industrial Forum

Remarks by Chairman of the Atomic Energy Commission of Japan
Riichiro Chikaoka Chairman of the Atomic Energy Commission

State Minister for Science and Technology

Remarks by Chairman of the Conference Program Committee

Soichiro Tahara Journalist; Chairman of the Program Committee
Chairman:

Jiro Kondo Vice Chairman, Japan Atomic Industrial Forum
Lectures:

"A Vision of Global Security, and the Role of Nuclear Weapons in the Twenty-
first Century"
Robert McNamara - Former U.S:Secretary of Defense -

Former President of the World Bank

"We in the 21st Century"
Ken Moroi Advisor, Chichibu Onoda Cement Corp., Japan

"Toxic Terror: Big Fears...But Little Risks"
Elizabeth Whelan President

American Council on Science and Health, U.S.A.

Discussion with the floor

XVIII



LUNCHEON (12:15—14:00)
at Hall B, Tokyo International Forum

Remarks by Minister of International Trade and Industry
Shinji Sato Minister of International Trade and Industry, Japa:

Special lecture:
"Fusion of the East and the West"
Hanae Mori  The Order-of-Culture conferred designer, Japan

FILMS ON NUCLEAR ENERGY (13:00—14:00)
at Hall C, Tokyo International Forum

14:15—14:45

Chairman:

Kohei Abe Vice Chairman, Japan Atomic Industrial Forum
Lectures:

"Nuclear Power Today and Tomorrow"

Victor Michailov Minister of the Russian Federation on Atomic Energy

"The Progress of China's Nuclear Energy Program"
Dingfan Li Vice President
China National Nuclear Corporation

SESSION 1 (14:45—17:45) " Alternative Energies: Roles and Prospect"

The world energy is inevitably bound to increase, despite our efforts for energy
conservation and efficient use of energy. Environmental effects of energy use
are becoming more severe, making it imperative to develop and introduce energy
sources of limited environmental impact. This session deals with prospects for
and roles of fossil fuel-alternative energy sources for an appropriate, stable

energy supply.

Topics:
- World energy demand and future outlook
- Status of and prospects for new energy source development
- Roles of nuclear and new energies, etc.

Chairman:
Ryukichi Imai Professor, Kyorin University, Japan

Keynote address:

"Energy Security Issues Facing the World"(tentative)
William Martin Former U.S. Deputy Secretary of Energy

XIX



Panel discussion:

Jean-Marie Bourdaire Director
Office of Long-term Cooperation and Policy Analysis
OECD International Energy Agency

Iwane Fujii Professor, Meiji University, Japan

Kazuya Fujime Managing Director
Institute of Energy Economics, Japan

William Martin Same as above
Kulthorn Silapabanleng Director of Energy Research Institute
Chulalongkorn University, Thailand

Discussion with the floor

THURSDAY, APRIL 10
THE 30TH ANNUAL CONFERENCE SPECIAL SYMPOSIUM
"Reexamining What Nuclear Power Development Should Be"

Social Debate (9:00—12:00) "Why Are Nuclear Power Facilities Regarded
"Unwanted"

Siting nuclear facilities has become a complicating issue, as a divergence of
power-producing and power-consuming areas. The various schemes originally
developed for siting have gradually grown inappropriate as society has changed.
Efforts are required anew to allow nuclear power to coexist with local
communities. This debate clarifies the reasons for nuclear power facilities to be
regarded nuisance and develops possible solutions.

Topics:
- How social fairness can be pursued in nuclear power siting
- Why nuclear power facilities are not accepted
- The perception gap between siting and energy consuming areas
- Conditions allowing urban siting of nuclear power plants, etc.

Chairman:
Hiroyuki Torii Editorial Writer
Nihon Keizai Shimbun, Inc., Japan

Keynote address:
"So Many Reasons for Nuclear Facilities Being Deemed Unacceptable"
Jinzaburo Takagi Executive Director

Citizens' Nuclear Information Center, Japan

XX



Panel discussion:

Jean-Pierre Chaussade Technical Advisor
Communication Division
Electricite de France

Yoichi Masuzoe Political Scientist, Japan

Nobuhiro Naito President
The Kashiwazaki Chamber of Commerce & Industry,
Japan

Miwako Ogiso Secretary General

Council of the People of Fukui Prefecture against
Nuclear Power

Jinzaburo Takagi Same as above
Commentator:
Seikan Ishigai Professor Emeritus

Osaka University, Japan

Discussion of the floor

Political Debate (14:00— 16:30) "Examining the Ways to Develop Nuclear
Power"

The perception of nuclear power development has greatly changed in recent
years. The public has come to demand a more direct role in various decision-
making processes, as living standards have improved and environmental
concerns have heightened. That gives rise to a greater number of factors
demanding consideration when plans are being set forth. From now on, nuclear
power policies must be formulated from a broader standpoint than before. This
debate features representatives from Japan's major political parties, who will
explore ways to carry out nuclear power development.
Topics:
--Future prospect-of nuclear power in-Japan-(MOX, etc.) and the share
of new energies in the total energy mix
- How to build a consensus for nuclear siting in increasing autonomous
local face of power
- New policies for nuclear power siting
- Japan's response to increasing energy demand and environmental
pollution in Asia
- Reforming governmental bureaucracy for nuclear power development,
etc.

XXI



Chairman:
Soichiro Tahara Journalist; Chairman of the Program Committee

Panel discussion:

Taku Yamasaki Liberal Democratic Party
Shigeru Ito Social Democratic Party
‘Hi‘roshi Kikunami Japan Communist Party
Takeshi Noda New Frontier Party
Yoshito Sengoku Democratic Party of Japan

Discussion with the floor

Dialogue with the Public (17:00—) "Life and Energy: Why Nuclear?"

If the human society pursued the current standards of living, energy use should
be compatible with the environmental conservation. Nuclear power, developed
as a primary alternative energy source to fossil fuels, has been losing public
trust with the safety and policy concerned. This session is aimed to call for large
public participation meet and exchange their views with nuclear professionals
directly. The focus is on squarely facing the issues of nuclear power, questioning
a kind of energy supply that today's lifestyle requires.

Topics:

- Are nuclear power facilities safe enough?

- Information disclosure at nuclear power plants, etc.
Moderator
Kazuko Tamura Senior Writer & Editorial Writer

Kyodo News Agency

Coordinator:
Kazuhisa Mori Vice Chairman, Japan Atomic Industrial Forum
Commentators:
Soichiro Tahara Journalist; Chairman of the Program Committee

Tokunosuke Nakajima  Former Professor, Chuo University, Japan
Mitsuko Shimomura Journalist, Japan

Jinzaburo Takagi Executive Director
Citizens' Nuclear Information Center, Japan

XXII



FRIDAY, APRIL 11
SESSON 2 (9:00-12:00) "Managing Waste Products from Energy"

Nuclear power has been developed as an energy source with little environmental
purden. Today, with environmental concerns heightening, the effect of energy
generation on environment is drawing more attention. For nuclear power,
particularly, management of radioactive wastes has become an important issue .
This session takes a comparative look at wastes of various energy sources,
contesting nuclear power in its waste management as well as presenting an
outlook for radioactive waste disposal.

Topics:
’ - Outlook and evaluation of wastes from various energy sources
- Significance of nuclear power from a point of environmental protec-
tion
- Current state of and outlook for radioactive waste disposal, etc.

Chairman:
Hiroaki Fukami Professor of Economics, Keio University, Japan

Keynote address:

"Energy, Environment and Waste"

George Marsh Manager, Strategic Studies Department
Energy Technology Support Unit, U.K.

Panel discussion:
Michael Folger Chief Executive, U.K. Nirex

Tokunosuke Nakajima  Former Professor, Chuo University, Japan

Yoshihiko Sumi Director & Executive Vice President
Kansai Electric Power Co., Ltd., Japan

Makoto Takahashi Deputy Director for Safety and Regulation
OECD Nuclear Energy Agency

Andrei Zobov Senior Associate
Carnegie Endowment for International Peace;
Chairman, Russian Chapter
Institute of Nuclear Materials Management, Russia

Commentators:
Hisashi Shinagawa Executive Director
Japanese Consumers' Cooperative Union
Yukichi Suzuki President, National Federation of Industrial Waste

Management Associations, Japan

Discussion with the floor

XXIIT



SESSION 3 (13:30—17:00) "Regional Framework for Nuclear Developing
Asia"

For the booming economies in Asia to grow at current rates, it is essential for
them to secure the necessary power sources while protecting the environment.
Many countries in the area have chosen to introduce nuclear power, and are
actively involved in its development. Early in the next century, more than 100
nuclear power units are expected to be in operation in the area. With Western
nuclear companies stepping up activities in Asia, Japan should increasingly be
interested in its further cooperation. Whether Asian nuclear power development
can progress will have great bearing on global energy and environmental
problems. This session discusses a cooperative regional framework for Asian
nuclear energy development, with respect to its potential and requirements to be
met.

Topics:
- Outlook for nuclear power development in Asia
- What kind of regional cooperation is necessary?
- Issues facing current regional cooperation (KEDO, PBNC, etc.), etc.

Chairman:
Kunihiko Uematsu Executive Vice President
Power Reactor and Nuclear Fuel Development Corp.

Keynote address:
"ASTATOM—A Personal View"
Hiroshi Murata Vice Chairman, Japan Atomic Industrial Forum

Panel discussion:

Edward Fei Deputy Director for Policy
International Policy and Analysis Division
Office of Non-proliferation and National Security
U.S. Department of Energy

Bruce Larson General Manager, External Affairs
CRA, Australia

Y.S.R. Prasad Chairman, Indian Atomic Industrial Forum
Chang-Saeng Shim Vice President
International & North Korea Project Div.

Korea Electric Power Corporation

Iyos Subki Director General
National Atomic Energy Agency (BATAN), Indonesia

Atsuyuki Suzuki Professor, University of Tokyo, Japan

Discussion with the floor

XXIV
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JAIF Chairman's Address to the 30th JAIF Annual Conference

Dr. Takashi Mukaibo
Chairman
Japan Atomic Industrial Forum, Inc.
April 9, 1997

Mr. Chairman, ladies and gentlemen:

It is my great pleasure to address you on behalf of the Japan Atomic Industrial Forum,
at this opening of its 30th Annual Conference.

First, I would like to express my sincere appreciation for the fact that so many people,
from both within and outside Japan, could gather here today.

As you know, this is the 30th of these Annual Conferences. The first was in February,
1968, where I — then a professor at the University of Tokyo — spoke on the safety of
nuclear facilities. At that time, light water reactors were being built one after
another in Japan, and a program to localize nuclear power industry based on the
technologies introduced from abroad was underway. 1 remember as if it were
yesterday, standing before the audience, feeling almost physically excited by the fact
that private industry was devoting itself to the commercial use of nuclear power.
According to our records, 600 people attended that first conference. Today, there are
more than 1,400 people here, from around the world and from an array of fields and
disciplines. Seeing this, I cannot but feel anew the tremendous progress nuclear
power has made in this country.

Since the very beginning, these JAIF annual conferences have aimed at in-depth,
wide-ranging explorations of nuclear-development issues, not limited to matters of
technology or energy supply, but including political and social viewpoints. In recent
years, we have tried to bring the general public more into our discussions. Marking
this 30th year at a time when the public's attitude toward nuclear power is quite
severe, we asked Mr. Soichiro Tahara, a noted social and political commentator, to
serve as the chairman of the Program Committee. Other members of the Committee
include a critic of nuclear power and neutral journalists. In his presentation later,
Chairman Tahara will say more, I think, about the purpose of the conference and the
program -- which promises to be the best ever, thanks primarily to the earnest and
tireless manner in which the committee went about its task.

In Japan today, as I just indicated, the general public has a critical view of nuclear
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development, and there is no doubt that the sodium leakage at the fast-breeder reactor
Monju in December 1995, and the accident at the bituminization facility for low-level
radioactive waste at the Power Reactor and Nuclear Fuel Development Corporation's
Tokai Facility on March 11 of this year are parts of the reason. I am very sorry that
these failures occurred while the nation was making great strides in its nuclear fuel
recycling program — a long-sought pillar of the nuclear effort — thereby damaging
the nation's confidence in nuclear development. Although the amount of radioactivity
released from the bituminization facility was too small to have any effect either on
people or the environment, all who are involved in nuclear power development must
keep in mind that such an event itself should not have happened at all. Now that it
has, it is necessary to thoroughly investigate the whys and hows, determine what
should be corrected, and implement the changes as quickly as possible.

It goes without saying that we, the nuclear community, must accept the criticism
arising from these accidents. Since the Monju incident, those concerned have been
making the most sincere efforts to reflect public opinion in nuclear policy — through
their investigations of that accident, by making committee meetings open to the public,
through a series of round-table conferences on nuclear policy, and more. When it
comes to the question of the future course for nuclear development, however, the
current situation surrounding nuclear power can be described in one word:

"confused."

The Monju and Tokai accidents and the referendum in the town of Maki have been
covered heavily in the mass media, creating a level of interest in nuclear issues rarely
seen. Now that the second phase of nuclear development, fuel recycling, the back end,
is getting underway, this may be a good opportunity —and we should not miss it —for
the entire nation to look back to the starting point, realize why we undertook nuclear
development in the first place, and decide what we want the future to be.

The Atomic Energy Commission of Japan, the national government, and private
business should promote the disclosure of information more aggressively than ever,
and listen to the nation's response. They should also speak out frankly on why they
pursue the nuclear program.

At the same time, those who are critical of nuclear development should be required to
show what technologies can replace nuclear power. I want them to express clear
views on how to cope with increasing energy demand as the world's population grows
and nations become more industrially and socially advanced.

I think nuclear power can be one of the most efficient solutions to this problem —
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depending naturally on the safety of the technology.

It is true, as I said, that the current situation surrounding nuclear power is confused,
What we must do is find our way out of the confusion, taking whatever time that
requires, and not be swayed too much by the problems of the moment. It would be an
honor, indeed, if what is discussed at this Annual Conference could be could be a step

in that direction.
In closing, I express my deep gratitude once again to Chairman Tahara and the
members of the Program Committee, to all of our speakers, from Japan and from

abroad, and to you, the audience.

Thank you.
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A Vision of Global Security, and the Role of Nuclear Weapons
in the Twenty—first Century
by Robert S. McNamara

We must not permit the 21st Century to repeat the slaughter of the 20th. The time

to initiate action to prevent that tragedy is now. Three specific steps are required:

1. To reduce the risk of conflict within and among states we should establish a

system of Collective Security.

2. The system of Collective Security should place particular em = -~<is on limiting the

risk of war between or among Great Powers.

3. To eliminate the risk of destruction of nations, in the event Collective Security

breaks down, we should return, insofar as practical, to a non—nuclear world.

Human beings are fallible. The indefinite combination of human fallibility and nuclear

weapons carries a very high risk of a potential catastrophe.
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A Vision of Global Security, and the Role of Nuclear Weapons
in the Tweniy-first Century
by Robert S. McNamarg

| have been asked o speak for 30 minutes on my vision of globgal security
and the role of nuclear weapons in the 21st cenlury and then to toke duestions. |
will be happy to do so. For me the queslion and answer period is often the most
interesting part of the meeting ond | suspect it may be for you as well.

| want to begin my remarks by telling you of my earliest memory as a child.
It is of a city exploding with joy. The city was San Francisco. The date was
November 11, 1918 -- Amisfice Day. | wos two years old. The cily was celebrating
not only the end of World War |, but the belief, held so sirongly by President Wilson,
and by many other Americans, that the United States and ifs allies had won the war
fo end all wars.

They were wrong, of course. The Twentieth Cenfury was kon its way fo
becoming the bloodiest, by far, in all of human history: during it, 160 million people
will have been killed in confiicis across the globe.

So, my thesis, this afternoon is that we must not permit the 21st Cenlury fo
repeat the slaughter of the 20th. The time to initicle aclion to prevent that fragedy
is now. | believe three specific steps are required:

1. To reduce the risk of conflict within and among siaies we should

-establish a system of Collective Security.

2. The system of Collective Security should place particular emphasis on

limiting the risk of war between or among Grecat Powers.
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3. To eliminate the risk of destruction of ndlions, in the event Collective
Security brecks down, we should refum, insofar as practical, fo a non-
nuclear world.

First, my approach to Collective Security.

Although clear evidence has existed since the mid-1980s that the Cold War
was ending, nalions throughout the world have been very slow to revise their
foreign and defense policies, in part because they do not see clearly what lies
ahead.

As the lragi invasion of Kuwait, the civil war in the former Yugoslavia, and
the turmoil in Northern lrag, Somalia, Hatli, Sudan, Bwonda and Burundi make clear,
the world of the future will not be without confiict, conflict between disparate groups
within nations and conflict extending across national borders. Racial, religious, and
ethnic tensions will remain. Naliondalism will be a poweriul force across the globe.
Political revoluiions will erupt as societies advance. Historic disputes over political
boundaries will endure. And economic disparities among nations will increase as
technology and educdation spread unevenly around the world. The underlying
causes of Third World conflict that existed long before the Cold War began remain
now that it hos ended. 'i’héy will be compounded by polential strife arnong states of
the former Soviet Union and by continuing tensions in the Middie East. it is just such
{ensions that in the past forty-five years have contribuied to 125 wars causing 40
million deaihs in the Third World,

So, in these respects, the world of the fulure will not be different from the
world of the past -- conflicts within nations and conflicis among nations will not
disappear. But relations between nations will change dramatically. In the post-war

years, the United States had the power -- and to a considerable degree we
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exercised that power -- to shape the world as we chose. In the next century, that
will not be possible.

Japan is destined to play a larger and larger role on the world scene,
exercising greater economic and political power and, one hopes, assuming greater
economic and political responsibility. The same can be said of Western Europe,
{ollowing its major step toward economic integralion. Greater ﬁolﬂical unity is
bound o follow (despite opposition to the Maoashicht Trealy), ond thot will
strengthen Europe’s power in world polilics.

And by the middle of the next century, several of the couniries of what in the
past we have termed the Third World will have grown so dramgtically in populaiion
and economic power s to become major forces in international relations. India is
likely to have a population of 1.6 billion; Nigeria, 400 million; Brazil, 300 million. And
it China achieves its ombilious economic goals for the year 2000, and then
rngintains satisfactory but not speciacular growth rates for the nexti fifly years, fis 1.6
billion people will have the income of Western Europeans in the 1960°s. 1t will
indeed be a power {0 be reckoned with: economicgally, politically and militarily.
We in the US have not even begun to relate properly {o the China of the 2ist
Ceniury.

The figures | have cited are highly speculdtive, of course, but | point to them
io emphasize the magnitude of the changes that lie ahead.

While remaining the world’s strongest nation, the United States will live in @
muliipolar world, and its foreign policy and defense programs must be adjusted fo
this emerging redlity. In such a world, need clearly exisis for developing new
relationships both among the Great Powers -- and between the Great Powers and

other nations.
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Many political theorists, in particular, those classified as “realists,” predict a
retum to fraditional power politics. They argue that the disappearance of
ideological competition between East and West will frigger a reversion to fraditional
relationships based on ferdtorial and economic imperdtives: they say that the
United States, Russia, Western Eurcpe, Ching, Japan, and perhaps India will seek to
assert themselves in their own regions while still competing for dominance in other
areas of the world where conditions are fluid. This view hos been expressed, for
example, by Harvard Professor Michaoel Sandel. Sandel has written: “The end of the
Cold War does not mean an end of global competition beiween the Superpowers.
Once the ideological dimension fades, what you are left with is not peace and
harmony, but old-fashioned global politics based on dominant powers competing
for influence and pursuing their internal interests.”

Henry Kissinger, also a member of the redlist school, has expressed a similar
conclusion.

Kissinger's and Sandel’s conceptions of relations among nations in the post-
Cold War world are, of course, historically well founded, but | would argue that they
are inconsistent with our increasingly interdependent world. No nation, not even
the United Stotes, can stand dlone in a world in which nations are inexfricably
entwined with one another economically, environmentally, and with regord fo
security. | believe, therefore, that the for the fulure, the United Nations charter offers
a far more appropriate framework for intemational relalions than does the doctrine
of power polifics.

Above dll else, as | suggested, emphasis should be placed on avoiding

conflict among the Great Powers.
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The two most important geo-political evenis of the past hali-century were
the reconciliation between France and Gemmany affer cenluries of enmity, and the
establishment of peaceful relations befween Japan and the US offer one of the
bloodiest and most ferocious conflicts in the modern era. It is inconceivable today
that either Germmany or Japan would engage in war with any of the Great Powers of
the Western World. Can we not move {o integrate both Russia and Ching into the
family of nations in ways that make war between them and other Great Powers just
as unlikely?

. In December 1995, one of the brightest and most personable Japanese |
have ever met -- Mr. Kenzaburo Ohe, the Nobel Lauredte in literature, visited me
during the Christmas holidays at my vacation home in Aspen, Colorado to record a
conversdiion for Japanese television. | wish o repedadt for you o few paragraphs of
our conversation.

| said: “Mr. Ohe | am indebied to you for coming all the way from Tokyo to
meet with me. thal's a long, long, journey and I'm very, very grateful o you. I'm
particularly grateful for your interest in discussing what, o me, is really the most
important subject in the world foday. How {0 prevent these tferrible wars that both
of our nations have suffered from.

“This century will go down os the bloodiest cenfury in all of human history. |
know it is your desire ond my desire that the twenty-first century not be ¢ repetition
of that. The guestion is, what can your nation do and what can my nation do to

prevent that? | hope that's what we can tallk about.”
Mr. Ohe replied: “Mr. McNamara, because Japan was deeply involved in

the East Asian and Pacific strategies like the United States, | believe much of the
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Cold War structure still remains in my couniry. Because of this, it is our task fo make
efforis for peaceful and hopeful 21st ceniury efforts {o seek a new way for mutual
existence without shedding any blood, and seek the way to paricipate in this new
global relationship.

“l think you are shrewdly aware of what Japon did during the Cold War
days. Do you think Japanese can paricipate in forming o concept for the new
mutual existence after the cold war and in reglizing this concept?

1 said: “That is, of course, a question that really the Japanese should answer.

But let me give you my answer. It is more a hope than a belief. | hope that Japan
will pardicipate in developing the intemdational order for the ftwenty-first century.
And | hope that Japan’s participation will assist in moving that order toward a world
of peace.

“Now, | know Jopan has o conflict of interests here. The Japanese do not
wish in any way to see their country rever fo its pre-World War Il militarism. | admire
the Jopanese people for their wish to avoid militarism.

“On the other hand, 1 think that, i | may be persondl, | think that Japan has
carried that feeling foo far in this posi-cold War world, because Japan removed
itself from globadl politics. It hasn't been a member of the Security Council. | think it
should be. It hasn't played a magjor role in United Nations peacekeeping affairs. |
fhink it should. It hasn't really played a role, for example, in pushing Ching, Russiq,
the US, France and Britain fo give up nucleor wegpons. | think # should. It hasn'
played a role in ensuring that China and Russig, in parlicular, are integrated into the

fornily of naitions as closely as US and Japan and France and Gemoany.
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“No member of our audience foday would ever believe that the US and
Japan would fight a war again. Nor would they believe that France and Germany
would fight a war again. Japan must help the US work with China and Russia o

ensure that we will never fight a war again.
So | hope Japan will play a much, much grecater role in geopolitics in the

fwenty-first century than it has in the past half century.”

I retum now {o my discussion of Collective Security.

Before nations can respond in an optimum manner to the end of the Cold
War, they need a vision -- a concepiual framework -- of a world that would not be
dominated by the East-West rivalry that shaped foreign ond defense policies across
the globe for more than forty yeors. In thal new woild, | believe securily
relationships among nations should be directed toward three goals: They should

1. Provide all states guaraniees against external aggression -- frontiers should
not be changed by force.

2. Codify the rights of minorities and ethnic groups within states -- the Kurds in
lran, Irag, and Turkey, for instance -- and provide them a means {o redress
fheir grievances without resort fo violence.

3. Establish a mechanism for resolving regional conflicis and conflicts within
nations without unilcteral action by the Great Powers.

In sum, | believe we should strive to create a world in which relalions among
nalions would be based on the rule of law, a world in which national security would
be supporied by a system of collective security. The conflict prevention, conflict
resolution, and peace-keeping funciions necessary to accomplish these objeciives
would be performed by multilateral institutions, a reorganized and strengthened
United Ndlions together with new and exponded regional organizations.

That is my vision of the post-Cold War world.
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Such a vision is easier o arliculate than to achieve. The godl is clear; but
how to get there is not. And | have no magic formula, no simple road map fo
success. | do know that such a vision will not be achieved in a month, a year, or
even a decade. [t will be achieved, if at all, slowly and through small steps, by
leaders of dedication and persistence. So | urge that we move now in that
direction.

Fortunately, we have time to proceed step by step. The risk of large-scale
millitary operations belween or among Greal Powers is probably less today than at
any fime since the end of World War il. Although, we cannot be ceriain they will
never again take place, what we can do is to insure that if the system of Collective
Securily breaks down and wear befween Great Powers occurs, it will not be fought
with nuclear weapons and, therefore, will not lead {0 total destruction of nations.

We in the US, you in Japan, and all other inhabitants of our globe contlinue to
live with the risk of nuclear destruction. Today, the Uniled Stale’'s war plans provide
for contingent use of nuclear weapons just as they did when | was Secretary of
Defense in the 1960s. But | do not believe that the average American or Japanese
recognizes this fact. No doubt, he or she was surprised and pleased by the
announcement by Presidenis Bush and Yelisin in June 1992 that they had agreed to
reduce dramaticdlly U.S. and Russian nuclear weapon stockpiles. Today, ihere are
40,000-50,000 nuclear warheads in the world, with a total destructive power more
than 1 million fimes greater than that of the bomb that flaliened Hiroshima.
Assuming the reductions called for by the START 1 Trealy are achieved, the total
weapons invenfory will be reduced to approximatlely 20,000. Bush and Yelisin
cagreed fo further reductions that would leave the five declared nuclear powers (the
United States, Russia, France, the United Kingdom and China) with g total of about
10,000 warheads in 2003. It was a highly desirable move, but even i the

agreement is ratified by both the U.S. Senate and the Russion Parliament -- and that
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is not at all certain -- the risk of desiruction of societies across the globe, while
somewhat reduced, will be far from eliminated. | doubt that a survivor -- if there
was one -- could perceive much difierence between a world in which 10,000
nuclear warheads had been exploded and one subject {o aitack by 40,000. So the
question is can we not go further? Surely the answer must be yes.

The end of the Cold War, along with the growing understanding of the lack
of utility of nuclear weapons and of the high risk associated with their confinued
existence, points o both the opporiunity and the urgency with which the nuclear
powers should reexaomine their long-term nuclear force objeclives. We should
begin with a broad public debate over aliemcative nuclear shralegies. | believe
such a debgle would support the conclusion that we should move back o a non-
nuclear world.

In support of my position, | will make three points:

1. The experience of the Cuban Missile Crisis in 1962 -- and, in parlicular, whet
has been leamed about it recenily -- makes clear that so long as we and
other Great Powers possess large inveniories of nuclear weapons, we will
face the risk of their use and the destruction of our nation.

2. Thet risk is no longer -- if it ever was -- justifioble on military grounds.

3. Inrecent years, there has been a dramdatic change in the thinking of leading
Westem security experis -- bofh militory and civilion -- regarding fhe
military utility of nuclear weapons. More and more of them -- although
certainly not yet a majority -- are expressing views similar to those | have
stated.

First, the Cuban Missile Crisis:

it is now widely recognized that the actions of the Soviet Union, Cubga, and
the United States in October 1962 brought the three nations to the verge of war. But

what was not known then, ond is not widely understood today, was how close the
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world came to the brink of nuclear disaster. Just six months ago, the Kennedy
Library released heretofore highly classified tapes which provided new insight into
the near calastrophe. Neither the Soviet Union, nor Cubg, nor the United States
infended, by ﬁs actions, fo credie such risks.

You may recall that the crisis began when the Soviels moved nuclear
missiles and bombers to Cuba -- secretly and with the clear intent to deceive -- in
the summer and early fall of 1962. The missiles and bombers were 1o be iargeted
against cities along Americd's East Coast, puiting 90 million people at risk.
Photographs taken by a U-2 reconnaissance aircraft on Sunday, October 14, 1962
brought the deployments to President Kennedy's aliention. He and his military and
civilioan security advisers believed that the Soviets' actlion posed a threat to the
West. Kennedy therefore authorized a naval quarantine of Cuba to be effective
Wednesday, October 24. Preparaiions also began for air strikes and an amphibious
invasion. The confingency plans called for a “first-day" air attack of 1080 sordies, a
huge afiack. An invasion force tofalling 180,000 froops was assembled in
Southeastern US poris. The crisis came $o a head on Saturday, October 27 and
Sunday, October 28. Had Khrushchev not publicly announced on Sunday that he
was removing the missiles, | believe that on Monday a majority of Kennedy's military
and civilian advisers would have recommended launching the atlacks.

To understand what caused the crisis -- and how to avoid similar ones in the
future -- high-ranking Soviet, Cuban, and American participanis in the decisions
relating to it met in a series of conferences beginning in 1987 and exdending over a
period of five years. A meeting chaired by Fidel Castro in Havana, Cubg, in
January 1992 was the fifih and lost.

By the conclusion of the third meeling in Moscow in January 1989, it had

become cleor that the decisions of each of the three nations, before and during the
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crisis, had been distorted by misinformation, miscalculation, and misjudgment. |

shail cite only four of many examples:

Before Soviet missiles were infroduced into Cuba in the summer of 1962, the
Soviet Union and Cubg believed the United Stales intended o invade the
island In order to overihrow Castro and remove his government. We had no
such infention.

The United States believed the Soviets would never move nucleor warheads
outside the Soviet Union-- they never had -- but in fact they did. In Moscow,
in 1989, we leamed that by October 1962, although the CIA at the time was
reporting no nuclear weapons on the island, Soviet nuclear warheads had,
indeed, been delivered fo Cubg, and, o | have said, they were {0 be
targeted on U.S. cifies.

The Sovieils believed that nuclear weapons could be infroduced info Cuba
secrelly , without detection, and that the US would not respond when their
presence was disclosed. There, too, they were in emror.

and Finally, those who were prepared to urge President Kennedy to destroy the
missiles by a US air attack which, in all likelihood, would have been followed
by an amphibiocus invasion, were almost certainly mistaken in their belief
that the Soviets would not respond militarily. At the fime, the CIA reporied
10,000 Soviet froops in Cuba. Al the Moscow conference, pariicipanis
leamed there were in fact 43,000 Soviet troops on the island, along with
270,000 well-armed Cuban iroops. Bolh forces, in the words of their
commanders, were determined to “fight to the deaih.” The Cuban officials
estimated they would have suifered 100,000 cosualties. The Soviels --
including long-time Foreign Minister Andrei A. Gromyko and former
Ambassador to the US Anatoly Dobrynin -- expressed utter disbelief that we
would have thought that, in the face of such a catastrophic defeat, they
would not have responded militarily somewhere in the world. Very
probably, the result would have been unconirollable escalgdtion.

In 1962, during the crisis, some of us -- parlicularly President Kennedy and { -
- believed the United States faced great danger. The Moscow meeting confirmed
that judgment. But during the Havana conference, we leamed that both of us --
and cerginly others -- had seriously underesiimated those dongers. While in
Havana, we were told by the former Warsaw Pact Chief of Siaff, General Analoly

Gribkov, that, in 1962, Soviet forces in Cuba possessed not only nuclear warheads

for the infermediate-range missiles targeted on US cities, but nuclear bombs and
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tactical nuclear warheads as well. The taclical warheads were to be used against
US invasion forces. At the fime, as | mentioned, the CIA was reporiing no warheads
on the island.

In November 1992 -- ihirly years after the event -- we leamed more. An
article appeared in the Russian press which siated that, at the height of the Missile
Crisis, Soviet forces on Cuba possessed a total of 162 nuclear warheads, including
at leost 90 taciical warheads. Moreover, it was reporied that, on Oclober 26, 1962 -
- a moment of great tension -- warheads were moved from fheir storage sites to
positions closer to their delivery vehicles in anticipation of a US invasion.! The next
day, Soviet Defense Minister Mdlinovsky received a cable from the Soviet
commander in Cubg, informing him of this aclion. Mdlinovsky sent it to Khrushchev.
Khrushchev retumed # to Madlinovsky with "Approved” scrawled across the
decument. Clearly, there was a high risk that, in the face of a US altack -- which,
gs | have said, many in the US govemment, mililary and civilion dlike, were
prepared to recommend to President Kennedy -- the Soviet forces in Cuba would
have decided to use their nuclear weapons rather than lose them.

We need not speculcie about what would have happened in that event.
We can predict the resulls with certainty.

Although a US invasion force would not have been equipped with tactical
nuclear warheads -- the President and | had specifically prohibited that -- no one
should believe that had American froops been attacked with nuclear weapons, the
US would have reficined from a nuclear response. And where would & have
ended? In ulter disaster, not only for the US, Cuba and the Soviet Union, but for
nations across the world, including Japan, that would have been aoffected by the
nuclear fall out.

The point | wish to emphasize is this: human beings are fdllible. We oll make

mistakes. In our daily lives, mistakes are costly, but we ry to learn from them. In
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conventional war, they cost lives, sometimes thousands of lives. But if mistakes
were to affect decisions relating fo the use of nuclear forces, there would be no
leaming period. They would result in the destruction of nations. | believe, iﬁerefore,
# can be predicted with confidence that the indefinite combingation of human
tellibility ond nuclear wegpons carries d very high risk of a potential catasirophe.

Is there a military justification for continuing to accept that risk? The answer
is no.

The military utility of nuclear weapons is limited to deterring one's opponent
from their use. Therefore, if our opponent has no nuclear wegpons, there is no need
for us fo possess them.

Parlly because of the increased understanding of how close we came o
disaster during the Missile Crisis, but also because of a growing recognition of the
lack of military utility of the wegpons, there has been a revolutionary change in
thinking about the role of nuclear forces. Much of this change has occurred in the
past five years. Many mililary leaders are now prepared to go far beyond the Bush-
Yelisin agreement. Some go so far s to siate, as | have, that the long-term
objective should be a return, insofar as praciical, to a non-nuclear world.

That is, however, a very controversial proposition. A majority of Western
security experts -- both military and civilion -- continue to believe the threat of the
use of nuclear weapons prevenis war. Zbigniew Brzezinski, President Carter's
Ngational Security Adviser, has argued that a plan for eliminating nuclear weapons
“is a plan for making the world safe for conventional warfare. | am therefore not
enthusiastic about #." A repornt of an advisory commitiee, appointed by former
Defense Secrefary Richard Cheney and chaired by former Alr Force Secretary
Thomas Reed, made essentially the same point. Clegarly the current Adminisiration

supporis that position However, even if one accepts that argument, it must be

0O—4-15



14

recognized that the deterrent to conventional force aggression carries a very high
long-term cost: the risk of a nuclear exchange.

It is that risk -- which to me is unacceptable -- that is leading prominent
security experis io change their views. | doubt that the public is aware of these
changes.

Today given the widely divergent views of security experis, but with the
recognition by all that initiation of the use of nuclear weopons against @ nuclear
equipped opponent would lead o disaster -- should we not begin immedictely to
debate the merits of altemdtive long-term objeclives for the five declared nuclear
powers?

We could choose from three opfions:

1. A conlinuation of the present strategy of "extended deterrence,” the
strategy reconfirmed last year by the Clinfon Administration.! This
would mean limiting the US and Russia to approximately 3,500
strategic warheads each, the figure agreed upon by Presidents Bush
and Yelstin.

of

2. A minimum deterrent force with the ftwo major nuclear powers
retaining no more than 1,000-2,000 warheads each.

o7

3. Asl strongly advocate, a retumn, by dll five nuclear powers, insofar as
practicable, to a non-nuclear world'

It was 1o confribute to that debate, that in late 1994 Prime Minister Keating of
Ausiralia appointed an intemnational commission to develop proposals for "a
program to achieve a world {otally free of nuclear weapons.” The Commission

members included, among others: Michel Rocard, the former prime minister of

' “Insofar as practicable” refers to the necessity of maintaining protection against
“breakout” in the states which previously possessed nuclear weapons or acquisition
of such weapons by rogue states or terrorists. The elimingtio of nuclear weapons
could be accomplished in a series of steps.
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France; Joseph Roiblat, the 1995 Nobel Laureate and one of the designers of the
original nuclear bomb; Field Marshal Lord Carver, former Chief of the British Defense
siaif; General Lee Butler, former commander of the US Strategic Air Command; and
myself. The Commission’s recommendadtions -- reporfed in what has become
wnown as the Conberra Commission Report -- were unanimous. They were
presented without any qualification or even the slightest note of dissent. They urged
the five Declared Nuclear Powers -- Ching, Russig, Britain, France and the United
States -- to stale their unegquivocal political commitment to the eliminalion of
nuclear weapons and that they accompany such a commitment by three
immediate steps pointed toward fulfilling it:

1. The removal of all nuclear weopons from clert status.

2. The separdation of all nuclear warheads from their launch vehicles.

3. A declaration of No First Use of nuclear weapons against nuclear
states, and No Use against non-nuclear nalions. The US has never
been willing to make such a pledge.

On December 5 of last year, nineteen senior retired US military officers and 42
senior admirals and generals from other nations across the world joined in
supporiing the recommendation for complefe elimination of huclear weapons.
Years will pass before these recommendadtions are fully implemenied. But
we are beginning to break out of the mindset that has guided the sirategy of the
nuclear powers for over four decades. More and more political and military leaders
are coming to understand two fundamental truths: we can indeed “put the genie
bock in the botlle,” and if we do not, there is substantial risk that the 21st Century
will witness a nuclear holocaust.
In sum, then, with the end of the Cold War, if we act to establish a system of
Collective Security, if we place parlicular emphasis on avoiding war among the

Great Powers, and if we foke steps to retum to a non-nuclear world, the twenty-first
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century, while certainly not a century of franquillity, need not witness the killing, by
wair, of another 160 million people. Surely that must be not only our hope, not only
our dream, but our steadfast objective. | know that some of you -- perhaps many
of you -- may consider such a statement so naive, so simplistic, and so ideadlistic as
to be quixotic. But as human beings, cilizens of a great nation with the power fo
influence evenis in the world, can we be at peace with ourselves if we strive for

less? | think not. | hope you will agree.

O—4—18



21T ESEEZ DD

BRAC/NEFH (BK) BUORE AR AR A%
e AR HE
s R

1. 2 1EREABORE

. MR S - RIS ORIk

. NOBFE OIS

. BRBE—% FEORERE

. BEWE, BR, I3 F—. BERR MR

N I N

II. HEDOERH

0O—-5-1



We in the 21st Century

Ken Moroi
Counselor & Director, Chichibu Onoda Cement Corp.
Member of Japan Association of Corporate Executives

I. Human Tasks in the 21st Century
Settlement of Regional and Racial Conflicts

Control of the Population Explosion
Elimination of Poverty — Economic Growth in Developing Countries

- W

Solutions to the Problems of Environmental Pollution and Shortages of
Natural Resources, Energy, and Food

II. Role of Japan for the 21st Century

O—-5-2



Blon =i : REERN. . . LOLNSEYRY
B OBREBRRIILADADNOBREEYENEFKEDEBRIZELTE
[arr B EH—
Bl BEICET 2HEEEE
TUPXRXZA M. 77>

7B IEREEORFFMAXE T 2/ ARICEETN S, BN DEME /
N 2z, BEEEDZDO, BEETEETFERMEROER M. £MEKD
EEE. PEHTI Y — 2, FERER TREBRIRIIF— TR Yy —CHH
b6, EEEZRBEICLTSNIERAEEOMHEEUREEET DI ENTE
%, LML, ZLDOHEHBEFEZNICIAAT 4 7d. BELRENOEAN SRS LT
NAEDNEEEKEEZERD EILES T, IHN5OFEMERI. BEE, N14F
p)aY—, BFH BEERITHEL T, ERERBECTOMOBREOERZ IS
THDEFBETHI IR,

R E DERADOBNME R TNE, 72 & 22O/ MHENRLEMITRADO B NEDTH
5> Th, TOEMEEETBICESD Z ST SNRN, FRARI &IZ. FIZITES
T5ZEEENSHHEREREY XA INENS. LML, BEDHDIO S ZERAEREIC
W AHRE EOBEICET 2 AROERT. BIBNRIEHICES 0%, BEP
HEHEN S BN, VAT ERRXT 4y FOBERIIDNENRBDIZIR S,

—REBENEAENSINDRARBRUAVEZELL EENICERITIOEZETS
DI EEMREZR-T L, SHIIRFRNITIRILDIENY X7 20 HIT#Em L
BTN, DA TERYUDBEY A INELDEND ZEE2MIATH I EE. 2R
ORI FEFICBEEOENEEB TH D, IOLERLOBEI) AT X ROXLI72BD
Thbd,

a) WMaREBDUATHDNEEY AZ7ICTESDN, BEEBAES2EIFICLTH
HASERELTLEN, EFCEREZENTEOARELETOER & k{5 R
DESHELTBNRNT &,

b) BOBHLIEVWIAVZEH#LLD ELT, TOHE, TR0 ER. X
WFE—, BIUOEEFZOEEFREZZITAN. DA TRERBEY A7 E2HATL
£,

FESERIC R T, Hiffi. BEEOH259F. THUTEREIIED Tid-> &0 L=MHEM
BHd, Fifi. EBIOCREEIZT >y Mo TWS, BIORNRMN S Hl 2
BOHEST, ko EE EEKEZERREBRICHENTNS, BESEREOU X
DEFMEL. BN X 7REEBIAINEEDY A7 &8RT A, BusT
BIE. L RU w7 TR BN L iudiz s,

0—6-—1



Toxic Terror: Big Fears but Little Risks

Dr. Elizabeth M. Whelan
President

American Council on Science and Health

1995 Broadway
New York 10023

presentation

JAIF Annual Conference
Tokyo , Japan

April 9, 1997

O—6-—2



Thank you very much, ladies and gentlemen, for the opportunity to address this

most distinguished forum.

Today I will explore with you the reasons why exaggerated fear of the dangers of

modern technology is, in my opinion, hazardous to our health and to our pursuit of

a higher standard of living.

Before even I begin my comments, please let me point out what is clearly obvious: I
am an American, so I can legitimately report to you only on experiences, events,
facts, and myths about health in the United States. But I do hope you will find
many, if not all, of my comments relevant to your experiences with consumer

health concerns here in Japan.

We live in an age dominated by a dizzying array of scientifically based technologies.
Our technological know-how allows us to produce a wholesome, abundant, safe,
and affordable food supply; life-saving pharmaceuticals; efficient, clean, affordable,
and safe sources of energy; and a staggering variety of consumer products that give

us more leisure and more freedom and that generally make our lives easier.

But instead of rejoicing over the enviable standard of living our technological
expertise affords us, many of today’s consumers—and many of the people in the
media who report to those consumers—have come to fear these life-enhancing
technologies. They blame pesticides, biotechnology, nuclear energy, trace levels of
environmental chemicals like asbestos—even trace levels of estrogenlike
compounds in the environment—for cancer, birth defects, and a whole host of

human illnesses and dysfunctions.
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A growing fear of specific technologies—even though there is no scientific basis for
that fear—will inevitably lead to rejection of those technologies or cause a severe
form of social and economic disruption aimed at purging allegedly harmful
chemicals from air, water, and food. And, ironically, sometimes that very rejection
will itself cause new health risks to appear. Also, because most public discussions of
health and these alleged environmental threats to our well-being become
emotionally charged, science and reason are frequently missing from the dialogue.

As a result, the risk-to-benefit ratio is obscured.

It is my goal today to encourage a return of science and reason to our public
evaluations of environmental health issues. It is also my goal to challenge the
popular wisdom that provides the framework for what I call “toxic terror”—a state
of fear of the products of technology. I will begin by examining five basic premises—
premises I will show to be myths—that have caused many consumers to suffer from

“toxic terror.”

The first premise is that there is an epidemic of cancer today—of cancer caused by

the modern technology introduced in the second half of this century.

The second is that life in a natural state is healthier and better, and that synthetic

and man-made products are inherently hazardous to our health.
The third is that it is always better to be safe them sorry; that is, that the so-called

precautionary principle should dominate our decisions: If there is even a hint of a

problem, the technology or chemical exposure in question should be eliminated.
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The fourth is that a mouse is a little man: that animal experiments validly and
accurately predict human cancer risk; and that if something causes cancer in the
laboratory, it should be assumed to cause cancer in humans, no matter how high the

laboratory exposures and how minuscule the human exposures.

The fifth is that if high-dose exposures or long-term exposures to a substance are
hazardous, then it must be assumed that exposures de minimis—trace-level
exposures—to the same substance are also harmful and thus cannot be tolerated.
This myth clearly rejects a basic principle of toxicology: the principle that “the dose

makes the poison.”

After T have looked at those five myths, I will focus on five specific examples of
“toxic terrorism”: cases in which consumers’ fears about technology—and the

resultant demands for regulation—were not grounded in science.

Those five examples will be:

A. DDT, and the concern about it that launched the modern-day environmental
movement;

B. fears about pesticides, and particularly the fears about a chemical called Alar that
caused a national panic in the United States in 1989;

C. asbestos, and how the fear of it actually closed down the largest school system in
the United States;

D. nuclear power;

E. bioengineered food and the efforts made by environmentalists to block its

advancement and marketing.
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I will close by explaining some of the causes of toxic terrorism—and proposing a

solution.

1. The So-Called Cancer Epidemic

The media—and many advocacy groups—would have the American public believe
that the U.S. is in the midst of a cancer “epidemic.” These groups perpetuate the
myth that there has been a sudden surge in new cases of cancer and cancer deaths
and that environmental agents are the cause. But a careful review of the facts

indicates that:

e It is rates—and, in particular, age-adjusted rates—of cancer cases, rather than
simple numbers of cases, that are important in assessing trends. Obviously, there
are more cancer cases—and deaths—in 1997 than there were in 1900—but the
U.S. population has more than doubled in that time. And the age distribution of
the population has shifted over time, as well: Our population today includes
many more older people. Clearly, given that cancer is a condition more likely to
occur in older people, and other things being equal, the higher the proportion of
elderly people in the population, the higher the cancer rate will be. Thus, it is
necessary to age-adjust data to make comparisons between one era and another
meaningful. Furthermore, given that “cancer” is a name for many different
diseases with many different risk factors, we must specify just which type of

cancer we are monitoring.

o With a few exceptions—primarily lung cancer and AIDS-related cancers—there
has been little overall increase over the past 40 years in either the number of new

cases of cancer reported or in the number of cancer deaths.
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o The number of deaths caused by many forms of cancer has actually decreased.

This includes deaths from Hodgkin's disease and from cancers of the cervix,

uterus, stomach, rectum, testis, bladder, and thyroid.

o Modern screening methods—mammography and the PSA test for prostate
cancer, for example—create the appearance of a sudden increase in new cancer
cases. There is no correspondingly large increase in mortality from these forms of

cancer.

e Most preventable cancers are related to known lifestyle factors, not to
environmental chemicals. Among the proven causes of cancer are tobacco use; a
diet low in fruits and vegetables; alcohol, particularly in conjunction with

tobacco use; and overexposure to sunlight.

° The bottom line is that there is no cancer epidemic, and chemicals in our food
and our environment do not have a significant impact on overall cancer risk in

the United States.

2, “Natural” Is Better

An underlying theme, almost on a philosophical or a religious level, in the
environmental literature is that technology is inherently life-threatening; that
chemicals, by definition, are dangerous; and that the health of Americans would be
far better if we lived our lives more “naturally”—free from the deleterious brews
spewing from the test tubes of irresponsible “alchemists.” “Nature” is seen as a
benign force; human power is perceived as evil. Naturalness is equated with

goodness.
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Obviously, this natural-versus-synthetic dichotomy is both misleading and absurd.
Epidemics of disease are natural. So are earthquakes, volcanic eruptions, floods and
droughts. So are airborne pollens from a wide variety of allergenic plants. Beyond
that, many natural substances, including some 100-percent natural foods, contain
toxins (otherwise known as poisons) as well as chemicals that cause cancer in
laboratory animals. Each year we at the American Council on Science and Health
publish a dinner menu featuring a typical American holiday meal. We have our
toxicologists analyze every one of the natural foods on that menu—and those
toxicologists find a toxin or an animal carcinogen in every course. Carrots contain
carotatoxin, a fairly potent nerve poison. Radishes contain goitrogens—chemicals
that promote goiter by interfering with the body’s use of iodine. Shrimp are a rich
source of several minerals, including arsenic. Pepper and nutmeg contain

myristicin, a powerful hallucinogen.

Furthermore, a whole array of natural substances have been shown to cause cancer
in animals—and, in some cases, in humans. Safrole, a component of the natural
sassafras plant and present in oil of sassafras, causes cancer in some animals.
Aflatoxin molds—which can grow on a variety of natural substances, including
peanuts, rice, corn, and soybeans—increase the risk of cancer in a wide variety of
laboratory animals. There is also much circumstantial evidence that exposure to
aflatoxins may play a role in human liver cancer. Bracken fern is a powerful cancer-
causing agent. And all of these toxins, all of these animal carcinogens, are part of

nature.

3. You Can’t Be Too Safe
Those who foment “toxic terror” and point to the allegedly evil elements of

technology claim that you simply cannot be too safe. They advocate something
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known as the “precautionary principle.” There is no formal or universal definition
of this doctrine, but it is generally taken to mean that environmental and health
policies that deal with known hazards are insufficient; that we need new policies
pased on what “might” cause harm—even if there is no scientific evidence that a
hazard exists. The precautionary crowd argues, in effect, “Stop all the technology and
ban everything—just in case.” To hint of possible harm is seductive—and the
precautionary principle plays well to the crowd. Invoking it places its
environmentalist advocates on the side of the public, and portrays its opponents as
indifferent—even hostile—to public health and as motivated, perhaps, by some

private interest in protecting a profit-making enterprise.

There are, however, at least two reasons why the precautionary principle is a

myth—and why it may itself be a hazard:

First, if we act on the “mays” and the “coulds,” we will have less time and less

money to deal with the real health hazards.

Second, the precautionary principle assumes that no detriment to health results
from a regulation targeting an alleged risk. As we will see from my examples,
however, this is not true—indeed, there are some major health risks associated with

the pursuit of purely hypothetical risks.

4. Mice Are Little Men

In the United States a myriad of federal and state laws and regulations assume that a
mouse is a little man. This mouse-to-man extrapolation is a major factor in the
success of “toxic terrorism.” I called this, specifically, “mouse terrorism” because it

engenders laws that cause substantial disruption of our nation’s economic
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production (including a diminished food supply) by banning any chemical that at

high doses causes cancer in animals.

Clearly, animal tests are essential in biomedical research. But so is some common

sense.

First, as I have mentioned, chemicals that cause cancer in laboratory animals
abound in nature. If environmentalists applied their cancer-mongering techniques
to natural food, we would have to ban that, too. Second, in a laboratory test the high
dose itself may cause an increased risk of cancer by adversely affecting an animal’s

metabolism.

The bottom line is that mainstream scientists do not accept a single animal cancer
test on one species using one high dose as sufficient reason to label a chemical a
“carcinogen.” If, however, a chemical causes cancer in many species and at various
doses, mainstream scientists will likely recommend that we limit human exposure
to that chemical. This is how the U.S. government acts toward the natural
carcinogen aflatoxin—it sets limits of exposure. But, as you will see from my next
example, the self-appointed toxic terrorists want us to believe that if one rodent

study shows cancer, we should all go into a national panic and banish that chemical.

5. The Dose Is Not Relevant

The most basic premise of the science of toxicology is “only the dose makes the
poison.” But this premise is regularly ignored by those who promote toxic terrorism
Instead, they argue that if huge doses of exposure cause health problems, it follows
that there is no point of zero risk—and so we should purge every measurable level

of that substance from our environment. Clearly, this makes no sense whatsoever.
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We know that common table salt can kill you if you ingest enough of it. But we do
not reject low-level exposure to salt as a result. Yet, in some cases—cases such as
nuclear energy and asbestos, both of which I will discuss presently—those espousing

toxic terrorism abandon common sense and ignore the reality that the dose makes

the poison.

I will turn now to my five examples of toxic terrorism. I will tell how each is
hazardous to our health—and to our standard of living. In each case you will note
some—or all—of the five basic myths that the extremist environmentalists

promote.

A.DDT

Until the 1940s some two hundred million people worldwide were stricken
annually with malaria—and at least 2 million died. But by 1946, because of DDT’s
remarkable effects on mosquito control and thus on the transmission of malaria, it
had become apparent that DDT was one of the most important disease-preventing

agents known to man.

In the words of the British Medical Journal, DDT was a “miracle (chemical) . . . that
has been incontrovertibly shown to prevent human illness on a scale hitherto
achieved by no other public health measure entailing the use of a chemical.” The

man who created DDT was awarded the 1948 Nobel Prize.

The anti-DDT campaign had its origins in Rachel Carson’s 1962 book Silent Spring.

That book is generally credited (or blamed) with launching the modern
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environmental movement. Carson’s book, which focused on the alleged effects of
pesticides on wildlife and suggested that they ultimately would be harmful to man,
did not single out DDT. Nevertheless, DDT became the prime target of the growing
antichemical and antipesticide movement of the 1960s. Two 1969 studies found that
mice fed DDT developed a higher frequency of leukemia and liver tumors. The
major alleged problem with DDT, however, was its effects on wildlife—and

particularly its effect on eggshell thinning in birds.

Scientists came to the defense of DDT, noting that its long history of use suggested
no adverse human health effects; and the government scientific advisory panel on
the subject recommended that DDT not be banned. (The evidence about the effect of
DDT on wildlife, and particularly on eggshell thinning, is contradictory; if there was

a causal connection, it could be related to cases of overuse of the substance.)

But in 1971, avoiding all scientific consensus, the head of the Environmental
Protection Agency declared, on the basis of animal studies, that DDT was a

“potential human carcinogen”—and banned it for virtually all uses.

In the U.S. the ban on DDT was looked upon as the first major victory for the
environmentalists, but news of the ban was received with less enthusiasm in other
nations. In Ceylon (now Sri Lanka) DDT spraying had helped reduce malaria cases to
a handful; but in 1964, when spraying was stopped, malaria cases again began to rise.
They reached 2.5 million in 1969. Thus, DDT remains a classic case of a successful
campaign by toxic terrorists to ban a useful form of technology—with a resultant

deterioration of human health in some parts of the world.
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And DDT remains in the news in the 1990s: Given its long half-life, DDT residues
persist in the environment. Recent—and, again, unsubstantiated—charges have

pointed to it as a cause of present-day breast cancer.

B. Pesticides and Food Safety

Given the laws in the United States that require the banning of synthetic food
chemicals shown to cause cancer at any dose when fed to laboratory animals, and
given the widespread myths about the causes of human cancer, it’s not surprising
that some environmental groups in the U.S. are engaged in an ongoing campaign
designed to call attention to even trace levels of pesticide residues in food if the

pesticide in question has been labeled a laboratory-animal carcinogen.

A well-publicized case in point is that of an agricultural growth regulator—called
Alar—used on apples. Over the years, various animal tests had suggested that at
high doses the chemical caused cancer in animals, but the U.S. government did not
appear to consider Alar a hazard. Then, in 1989, an environmental group teamed up
with a major television program and a popular movie actress to point accusing
fingers at Alar. Suddenly, headlines were screaming, “Apple Products Pose Cancer

Risks to Children.”

Specifically this is what happened with Alar, an incident which is now regarded as a

classic scare of the toxic terrorists.

An environmental group did a study claiming to show that Alar increased the risk
of cancer in children. They did not take this study to a peer reviewed scientific
journal. Instead, the environmental group brought it to Aemrica’s #1 rated News

magazine program, the TV show “60 Minutes”. In addition, the environmental
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group hired a public relations firm which contacted radio and television programs
and magazines across America and literally blanked the national with the headline
“apples cause cancer”. The media impact was overwhelming. Further, the
environmental group engaged a famous movie star, Meryl Streep, as a spokespersoy,
--- and after the intitial release of the claims on “60 Minutes”, Meryl Streep---an
actress suddenly turned toxicologist---toured the nation, appeared before the U.S.
Congress and generally terrified Americans about the safety of foods treated with

pesticides.

The impact was dramatic. Immediately after the “60 Minutes” program, schools
across the nationa discarded all apple juice, apple pies went into dumpsters. There
was a newswire report that a mother in upstate New York heard on the radio that
apples caused cancer. She called the state troopers to have them intercept her child’s
school bus—to remove an apple from the child’s lunch box. Another woman called
a hotline to ask whether it was safe to pour apple juice down the drain—or if she
should take it to a toxic waste dump. Apple farmers suffered enormous economic
losses, and tons of wholesome food products were destroyed. Finally, as Congress
threatened to ban Alar just to calm the nation down, the manufacturer announced

that it would withdraw Alar from use on food.

But the Alar incident proved to be the high-water mark for the extreme
environmentalists. Within months of the original scare—and principally as a result
of efforts orchestrated by my organization, the American Council on Science and
Health—scientists and physicians from around the world stepped forward to state
the truth: The regulated, approved use of Alar had never posed a threat to the
health of children or adults. The toxic terrorist movement was sorely damaged by

scientists’ rejection of their hyperbole. Indeed, even after eight years, anyone
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promoting “toxic terror” over pesticides is still hit with one inevitable question by
reporters: “Is this another Alar?” The very word “Alar” has become synonymous

with the word “hoax.”

The environmentalist assault on pesticides is a clear example of the sort of actions
their promoters tout as “pro public health” while in truth they are
counterproductive to public health. Agricultural chemicals—chemicals like Alar—
assure the existence of a safe, plentiful, inexpensive supply of fruits and vegetables.
Epidemiologists now agree that a diet high in fruits and vegetables offers protection
against a number of forms of cancer. Thus, efforts whose net result is to reduce the
supply of produce through restrictions on pesticides are themselves nothing short of

health hazards.

C. Asbestos

The case of asbestos—another long-time target of toxic terrorists—is another
example based on the myth that dose is not important when assessing risk.
Epidemiological evidence shows clearly that occupational exposure to asbestos, over
many years, at high levels, increases workers’ risk of lung cancer and other
diseases—particularly if the worker also smokes. This was particularly and tragically
true in the first decade of this century, when the risks of asbestos were not well
known. Risks of disease were increased at levels of 50 to 100 fibers of asbestos per

cubic centimeter of air. Lower levels were not found to be hazardous.

Yet, when asbestos was “found” in New York City public schools in 1993, no one
focused on the dose—the level of asbestos present. The headlines just howled
“cancer”—and in the grip of asbestos-induced toxic terrorism, the City of New York

closed all its public schools for weeks. The levels of asbestos “found” in the schools
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were about 0.0005 fibers per cubic centimeter of air—10,000 to 100,000 times less thap
the amount known to cause disease. Again, remember, as the toxicological premise
states: “Only the dose makes the poison.” Just because something poses a health risk

at a very high exposure levels does not mean that minuscule levels also carry risk,

D. Radiation and Nuclear Power
The case of radiation and nuclear power also provides an example of dose being

largely ignored in rash statements about the health hazards of nuclear power plants,

Indeed, the fear of nuclear power plants is the preeminent case of Americans, and
perhaps Japanese, believing the this major technology is inherently hazardous and
will make the world less safe. By far the most visible and familiar obstacles to the
expansion of nuclear electric-power generation arise from public concerns and
misunderstandings, both about the impact of nuclear power on the environment

and the risk it poses to public health and safety.

Why are nuclear power and nuclear radiation of such great concern to so many
Americans? Nuclear power plants in the U.S. have a record of safety excellence
dating back to 1957, when the first commercial nuclear plant began operating. Yet, in

spite of this record, doubts remain.

The risks of radiation exposure, at least at high doses, are well understood in the
scientific community. These risks are known with more certainty than are the risks
of any other environmental pollutant. It is only at very low doses, such as those
received from nuclear power plants (or from natural background radiation), that

there is uncertainty about how small the effects are.
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The average American’s total radiation exposure is largely due to natural sources or
to medical procedures that lead to increased health and prolonged life. The average
American’s radiation exposure due to nuclear power is negligible compared to

exposures from other sources—even when you consider the expected outcome of a

serious reactor accident.

In considering the health effects of radiation emitted by nuclear power plants, it is
exceedingly important to be quantitative and to view the risks in perspective, along
with the other risks we accept. The health risks from nuclear power are highly
publicized in the media; as a result, they have generated fear in the public. But these
risks are inconsequential when compared to everyday risks, including driving and
flying. The radiation doses received from nuclear plants may, in fact, be lower than
the doses associated with such “nonnuclear” activities as smoking, flying, or

burning coal for power generation.

Accidents at nuclear power plants in Western countries have been extremely rare.
When they have occurred, they have not produced serious injuries, either to plant
personnel or to the public. The accident at Three Mile Island did not give rise to any

serious exposures.

Although the Chernobyl accident did, indeed, have tragic consequences, the reactor
at that plant differed radically from Western reactors and was operated under

procedures the Russian government now concedes were inadequate.

I am not in an informed-enough condition to comment on the March 1997
radiation leak and fire at a Japanese nuclear fuel processing plant. But I understand

from media accounts that workers were exposed to very small amounts of radiation.
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Surely, however, this will cause serious consumer concern and make the job of

defending the safety of nuclear power more difficult.

E. Biotechnology

Biotechnology as applied to foods offers enormous potential for our future.
Biotechnology can be used in every aspect of the food-production system, from the
farmer’s field to the greengrocer’s shelves. Fruits and vegetables can be picked and
delivered at the peak of flavor and ripeness. Cooking oils can be produced from
plants with lower saturated-fat content. French fries might be made from potatoes
with enhanced starch content—potatoes that would absorb less fat during frying.
Think of leéner meats from improved pigs and cattle. Think of new plant varieties
biologically protected against insects and disease. Think of crops engineered to resist

the deleterious effects of freezing. This is called progress!

But despite the fact that research organizations and regulatory authorities around
the world have deemed the food products of biotechnology to be healthy and safe,
the field of biotechnology has become the new turf for those toxic terrorists who
want to put a stop to progress. Indeed, just two weeks from now, environmentalists
around the world will stage simultaneous “grain dumps” and hold press
conferences aimed at stopping the marketing of genetically engineered foods.
Biotechnology is revolutionizing agriculture—and the extreme environmentalists
want to stop it. And what weapons do they wield against the sound science on
which biotechnology is based? Once again, hyperbole about risk—and mass-

marketed fear.
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What Is the Cause of Technophobia—and What Is the Solution?
But why do the toxic terrorists succeed in scaring the public about the products of
technology, when science documents technology’s safe use? This is a complex

question, and I will offer you just a few answers to contemplate:

o Health, the environment and food safety are highly emotional issues; even
usually rational consumers can become emotionally distraught when they hear

claims that, for example, “apples cause cancer in children.”

e Consumers prefer to blame outside sources, rather than themselves, for their ill
health. Psychiatrists tell us that humans have long postulated the existence of
invisible, hostile agents on which to blame illness or tragedy. Invisible food
additives, environmental chemicals, and pesticides are perfect targets for this
“projection of blame”—and having them available as scapegoats reduces an
individual’s need to be introspective about the personal lifestyle factors that

might contribute, for example, to that individual’s increased risk of cancer.

° The media supply stories about health and the environment to consumers—and
the media appear to prefer bad news to good. Indeed, it might be said that bad
news is news. We can hardly imagine a banner headline reading “Good News!

Apples Do Not Cause Cancer in Children.”

® The people making unsubstantiated health charges against technology often
have hidden agendas. Frequently, those who purport to be protecting the public’s
health may actually be advancing other goals. People who object to using
biotechnology to increase the milk supply, for example, may be animal-rights

activists who object to the consumption of foods of animal origin. Those
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attacking “big business” for causing a “cancer epidemic”—an epidemic that
doesn’t exist—may be acting out of a deep-seated, blanket contempt for the free.
enterprise system in general and profit-making institutions in particular. And,
course, those people who seek to terrify us about one particular type of
technology may in fact be attempting to market and profit from a competing

technology.

And we must not forget that the manufacturer of the leading cause of
preventable death in the United States—the tobacco industry—is also the second
largest advertiser in the country. Only the auto industry advertises more. The
cigarette industry spends $6 billion dollars annually in print media and on other
promotions. Those dollars have long bought them silence in the media—silence
about the health effects of smoking. If you look at the demographics, the same
publications that carry cigarette ads generally are perfectly suited for stories that
discuss the hypothetical causes of cancer. And, yes, they do run the articles—but
they omit any reference to cigarettes as the number-one preventable cause of

cancer.

The Solution?

So what is the solution to the distortion of scientific facts and the hyperbole about

health risk that we see emanating from both the environmental camp and the

media?

There can be but one solution: Encourage scientists to speak out—to correct the

misinformation and to state the facts in a consumer-friendly manner. Clearly, the

scientific community succeeded in this effort during the great Alar travesty of 1989.

The scientists spoke, the consumers listened—and the toxic terrorists retreated.
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I formed the American Council on Science and Health some 20 years ago to identify
critical public health issues and energize American scientists to speak out on those
issues—to target “junk science” whenever and wherever it is presented. Scientists
who remain mute—who sit silently in their classrooms and laboratories while the
science to which they have dedicated their lives is wildly distorted in public and in
the press; who hold their opinions to themselves while unscientific laws are being
passed; who stand aloof while useful and life-enhancing technologies are being
rejected or banned—these scientists are failing in their professional responsibilities:

failing their country, failing the world—and failing future generations.

Only scientists can rightfully defend science. It is time for scientists to accept this

role. It is incumbent on the scientific community worldwide to provide
leadership—to show the general, consuming public how to understand and quantify
the spectrum of risks they hear about daily and to emphasize to the public that there
are very real health risks associated with the mindless pursuit of phantom risks that

have no basis in scientific reality.

And what are these real risks?

They include:

(a) the risk of creating health and environmental regulatory policies based on
inverted health priorities—priorities that focus on tiny or hypothetical risks and

that leave no time or resources to confront the real public health dangers that

threaten long life and good health;
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(b) the risk that, while rejecting the hypothetical risks, we may end up embracing
alternative approaches to food, energy, and pharmaceutical production that in

themselves carry even greater health risks.

Historically, technology, industrial wealth, and health are highly positively

correlated. To put that in layman’s terms, technology, wealth and health go together.
A society that rejects technology out of unfounded fear is putting its future health—
and its standard of living—in grave danger. In assessing technological risks, and in

sorting out the real risks from the remote or hypothetical ones, science—not

politics, not emotion, and not rhetoric—must dominate.

Thank you.
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Esteemed Mister Chairman!
Dear Ladies and Gentlemen!

Firstly, on behalf of Minatom of Russia scientists and speoialist3;§
your Russian colleagues, on my personal behalf let me congratulate yq, |
on this glorious jubilee - 30- th meeting of the Forum. The activities of th,|
Forum are well known and there were many kind words pronounced herg
about it, which | have the pleasure to join to. | would like to siress that thg
very idea of uniting the efforts of scientists and specialists of Japan and g
a number of countries, advanced from the viewpoint of economic
scientific and technological development, for resolving complicateg
problems in the area of peaceful utilisation of atomic energy, which hag
served as the basis for the establishment of the Forum, has fully justifieg
itself. The role of the Forum in this matter is evident.

In April, 1996 there was Nuclear Safety and Security Summit held iy
Moscow. The Declaration adopted by the Summit says:

é.we are committed to measures which will enable nuclear power,
already a significant contributor to electricity supply in those countries
choosing to exploit it, to continue in the next century to play an important
role in meeting future world energy demand... @

| would like to shortly discuss this very important problem of great
international significance.

Mastering in utilisation of nuclear energy for peaceful purposes is
one of the most important directions of our work. Not long time ago
nuclear power industry of Russia has celebrated its 40- th anniversary: on
June 27, 1954 the first in the world nuclear power unit was commissioned
in the USSR in the city of Obninsk. And presently 17% of all world
electricity is already produced by NPPs which are totally over 400 in
number. In some developed countries the share of NPPs in electricity
production is 50 to 80%. In my country this share is 12% for the country in
general, while for the European part of the country it constitutes some
30% already. As far as operational safety is concerned, Russian NPPs
(including Beloyarskaya NPP with BN- 600 fast neuirons reactor) are
among the world best, being third after NPPs of Japan and Germany by a
small margin, and better than the NPPs of France, USA, Great Britain and
other countries.

These fourty years of development were not a pure success
Chernoby! disaster and the crises, which has followed it, have become &
serious test for many of our contemporaries and the very idea of utilising
nuclear energy. The opponents of utilising nuclear energy have becomé
much more active and, as it has already been happening during simila’
historical transition epochs, there are inquisitors of the new science even
in the 20- th century.
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But it is impossible 1o bring the development of science and
technology to a hauli!

The improvement of the nuclear safety of Russian nuclear facilities
goes on. 1996 alone has witnessed the expenditures of 350 min. US$ for
research, developmental and technological works aimed at improving
NPPs safety. Presenily we can assure that another Chernobyl disaster is
practically excluded.

Alongside with improving NPPs operational safety a great deal of
attention is being paid to the new generation of reactors.

Both Russian and foreign studies demonstrate that the utilisation of
alternative power sources is possible to a limited extent only. One should
also take into consideration the danger of green- house effect and of
ozone layer destruction due to the exhaust of fossil fuel combustion
products.

All the above mentioned means, that the humankind cannot
manage without nuclear power resources. The subjects of discussions
are the scale and rate of development and profitability of nuclear power
with the proper consideration for its safety.

IAEA assessments of July, 1996 predict the growth of installed
capacities of NPPs in the world by 2015 from 8.6% , i.e. up to 374 GW (the
lowest estimate) to 56% , i.e. 537 GW (the highest estimate).
Simultaneously it is expected that by the same daie NPP installed
capacities will decrease in Western Europe and North America, while the
growth is expected in the countries of the Middle East, Southern Asia and
especially in the Far East, i.e. in Japan, China, Republic of Korea and
other countries of the Asian- Pacific region.

By the assessment of a number of experts, in case the growth of
NPP capacities in the world up to the year of 2015 will go on in
accordance with the averaged estimate, then after 2015...2020 this
growth will accelerate considerably, because by that time NPPs with
ultimate safety will be implemented, the problems of radwaste disposal
will be practically resolved and the future of the thermonuclear power will
become clear.

Minatom policy takes these tirends into consideration.
Simultaneously | would like to stress that Russian scientists and
engineers are ready to create NPPs with uliimaie safety. Even in the
middle of the 70- ies Soviet nuclear power science have siarted active
development of NPPs with @&herent éand gassive Gafety and the idea of
establishing nuclear thermal plants, to be situated close to large cities and
thus obliged 1o have high safety level, was put forward. These ideas were
implemented in the design of nuclear thermal plants, which were built,
thus putting Russian nuclear engineering science 15- 20 years ahead of
the world level.
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These developments were incorporaied at a contemporg,
technological level into the priority projects of NPPs with water- Cooly|
water- moderated reactors with 640 and 1000 MW (el.) capacity. Th§
development of such NPPs provides the opportunity to Play 1
commissioning of power units soon after 2000 and then, after a defm,t
period of pilot operation, to start large- scale construction of such NPpg_

It is appropriate to mention the changes in the public acceptance ¢ %%
nuclear power in Russia, which is slow and gradual. A number of region,
have chosen NPP consiruction as the .option of power capacitie
development. It should be noted that any power source is associated wi
definite risks and has its specific advantages and disadvantages.

The development of NPPs and nuclear thermal plants of ngy
generation is based on their natural safety, which eliminates uncontrollgg
chain reaction, and on closed fuel cycle incorporating safe system fo
radwaste management. Presently the projects of NPPs of both high ang
low capacity with inherent safety and isolation of fission products - i
case of any incident - inside the reactor vessel are developed. These
projects have successfully passed the most detailed internationg
reviews.

Presently a nuclear reactor in not only a thermal and electrica
energy source, but it also provides the possibility for regeneration of
nuclear and thermonuclear fuel, synthesis of artificial elements,
modification of materials to render new properties to them and for
production of radioisotopes for medicine.

The implementation of nuclear power development in Russia is
directly associated with stabilising of the national economy. However, the
stability of nuclear power complex is an important component of national
economy stability. Every year Russian NPPs increase the production of
electricity - 1996 has witnessed 10% growth in comparison with 1995.

Russian export of low- enriched uranium and NPP fuel resulting
from high- enrichment weapon- origin uranium disposal, as it i
implemented in Russia- US Agreement of 1993, is an additional source
for funding nuclear power development and improving its safety level. The
long- term supply of Russian power- grade uranium manufactured from
weapons- grade material in mutually agreed quantities may become 2
real contribution to nuclear disarmament as well as an economically
expedient option for the nuclear power program of Japan.

Russia is the first country in the world to adopt the strategy of
turning megatons of TNT equivalent into megawatts of electricity - this i
the real way to nuclear disarmament! ;

In this context | would also like to mention about Russial
technologies of mining of precious metals and stones by means of
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underground leaching and boring out, which are very promising for the
world market, but face with great difficulties in entering it.

Fast neutron reactors, nuclear transport propultion units, low-
capacity nuclear power units, desalination of sea water - these are the
directions for co- operation, aren athey?

Today in the uranium products exports we already have high added
value due to the utilisation of modern technologies. Still, | think that there
are high potential benefits to be gained from NPP eleciricity exports.

We have no doubts that Russia is capable of tackling its technical
and economic problems itself. However together with the international
community this can be done much faster and more effectively. It is
absolutely evident that utilisation of economic and ecological advantages
of nuclear energy requires a close international cooperation, including the
world market and mutual support of national programs.

It is also important to emphasise that new advanced long- term
projects should be undertaken jointly by different countries since such
projects require large financial and intellectual resources and that is
burdensome just for one couniry. An example of this is the joint
development of the international thermonuclear energy reactor (ITER)
with the participation of Japan, USA, European Community and Russia.

The development of helium- cooled high- temperature reactors as
well as our joint works in the area of development of granulated nuclear
fuel, including MOX-fuel, as well as nuclear power radwaste dry
treatment - all these works demonstrate that in the area of nhuclear power
we have really come to the principles of team work.

The XXI-st century nuclear power should be based on the
combined efforts of the industrially developed states with due
consideration of the interests of developing countries in our world.

The issue of supplying nuclear fuel as well as rendering services in
spent fuel disposal to all countries which have already understood the
advantages of nuclear power is in the agenda of the day. Russia also
welcomes such non- traditional approaches as nuclear power by itself
demands it.

To my mind this area of joint scientific and commercial cooperation
has no limits.

In this presentation | should also point out to the existing
possibilities of the expansion of mutually beneficial cooperation between
the organizations of the RF Minatom and Japan. Significant positive
experience has already been accumulated in this area. As an example
one could cite the construction of the full- scale simulator for the reactor
VVER- 1000 in Novovoronezh and also another big joint NPP safety
enhancement project which includes the development of the leak-
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tightness conirol microphone sysiem for the Leningrad NPP- | Using
high- temperaiure resistant microphones developed in Japan, W
appreciate the efforts of the Japanese side directed towards our m“tl@%
aspirations of safe nuclear energy. Both sides keep to the opinion thaz
these joint work can grow inio large commercial projecis.

This year we celebrate 20- th anniversary of signing the Agreemene
with JAIF. A good basis for the cooperation between our countries is th,
similarity of scientific and technological tendencies in the development
nuclear power both in Japan and Russia. Japanese experts constanty
demonstrate their interest in the more complete utilisation of the energ
potential of the nuclear fissile materials, resolving at the same time th
issue of the disposal of long- lived transuranium elements, and suppoy
the research in the field of fast neuiron reactors together with the
promotion of new generations of traditional light- water reactors, including
the utilisation of such reactors for the disposal of weapon- origin Pu.

In the field of scientific and technological cooperation with respectty
the joint development of promising scientific projects we welcome the
decision of the Japanese side io join the development of the HTGR
reactor with the direct gas cycle - the project already being jointly carried
out by Russia, France and USA. This project is highly rated from safey
and cost- effectiveness poinis of view, as well as from the view point of
disposal of weapon- origin nuclear materials.

| propose to continue and develop Russian- Japanese cooperation
in the field of fast neutron reactors. Minatom of Russia makes the
proposal to take part in the construction of the BN- 800 reactor in the
vicinity of Beloyarskaya NPP in the Urals. This would constitute a new
phase of the scientific, technological and commercial cooperation
providing the Japanese experts with the most recent data on the Russian |
fast- neutron reactor technologies and possible commercial use of theﬁ;{
generated electric power in the industry of the Urals area.

We have a wide choice of projects that are prospective from both|
scientific and economic points of view. Let & co- operatel!

We know a lot about the economic &onder 6of Japan, France,
Germany and South Korea that took place after the WWII. As a matter of
fact that was conditioned by commercial application of nuclear power in
these countries and extensive construction of nuclear power plants on theé
basis of wide- scale co- operation.

Having signed the Comprehensive Nuclear Test Ban Treal)
(CTBT), Russia has demonstrated its will to use the atomic energy fof
exclusively peaceful purposes. In 1996 the Soviet nuclear weapon®
withdrawal from the countries of Commonwealth (CIS) to Russia fof
dismantling was completed.

,stz
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One of the main aspects of the Russian weapons indusiry activities
is the disposal of nuclear warheads under the Nuclear Weapons
Reduction Programme. Today the volume of these operations exceeds
significantly that of the nuclear warheads serial production, and presently
our nuclear arcenals are cut by half.

| would like to say few words about the conversion of enterprises
within Minatom cognisance. In 1996 the conversion took place at 60
industrial enterprises and at more than 30 research organisations within
the branch. We are sure that Russia is not alone in its interest to switch
these enterprises and their personnel to the civil sector. Unluckily, the
investments are insufficient. Significant coniribution to funding of
conversion process belongs to the International Scientific and
Technological Center co- founded by the USA, EC, Japan and Russia.
Establishing, within the conversion framework, of joint- stock enterprises
with the involvement of foreign investments, including the Japanese ones,
shall be mutually beneficial and shall coniribute to peaceful process and
further bringing together the nations.

We look at the extensive economic development in Asian- Pacific
region, which is our neighbour, with growing interest. It is obvious that, in
XXI- st century this momentum will be passed to the couniries of this very
region, which already show an increasing interest in this process
nowadays.

I would like to declare that we are ready to the widest international
co- operation with the countries all over the world - both with developed
and developing, with neighbouring and distant ones. But we are strongly
against any discrimination, double standards and twofold approaches io
co- operation issues as well as against resolving conflicts by force.

The ¢ift presented to us by our Green Planet - the fossil fuel - shall
not be burned in stoves, but saved for our ancestors to be used more
effectively and efficiently. We must do our best to prevent the satisfaction
of our energy needs at the cost of the capabilities of the fuiure
generations to develop. The development of nuclear power in all
countries, as the basis for scientific and technological progress, will help
the future generations to gain a new vision of peaceful co- operation, to
live in the world without regional conflicts.

Minister of Atomic
Energy of the Russian
Federation

V.MIKHAILOV
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The Progress of China’s Nuclear
Energy Program
Li Dingfan
Vice President
China National Nuclear Corporation
April, 1997

Mr. Chairman, Ladies and Gentlemen,

It is my pleasure to have the opportunity to participate n
the 30th Annual Conference of Japan Atomic Industrial
Forum. Please allow me, on behalf of China National
Nuclear Corporation to extend my heartfelt felicitation on
the convention.

Now, | would like to take the chance to introduce the
current status and prospect of China's nuclear energy
program, mainly nuclear power and nuclear fuel industry.

I. Current Status of China's Nuclear Power Program

In this world, China is the nation with fast economic
growth and increasing demand for power supply. China
decides to continue the nuclear power development in
coastal provinces in order io ease the tension of power
supply in that region. The year of 1996 is regarded as the
crucial year of start to development for China's nuclear
power program. The construction of 4 nuclear power
projects planned for the Ninth Five-Year Plan period, i.e.
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1996 to 2000, has been in full swing. A new nuclear
industrial system with nuclear power as the leading effort
has come into being. China's nuclear power installed
capacity is estimated to reach 20,000MW by the year of
2010.

Qinshan NPP and Daya Bay NPP maintain safe and
steady operation. In 1996, the former has a load factor of
84.7%:; the latter has a load factor of 70.1% due to the
local grid demand for electricity. The monitoring results of
the two NPPs show that there is no negative effect on
environment.

During the Ninth Five-Year Plan Period from 1896 to
2000, China plans to start the construction of 4 nuclear

power projects. The 8 units come to the total installed
capacity of 6900 MW.

For Qinshan Il NPP with independently-designed 2x600
MW PWR units, June of 1996 saw the first concrete pour
to start the full-scale construction. It will be completed by
the year of 2003,

Ling'ao NPP in Guangdong is imported 2x1000 MW units,
The excavation work for the nuclear island has been
started. The first concrete pour is scheduled for May 1997.
The project is expected {o be completed in 2003.

Qinshan Phase lll NPP of 2x700MW CANDU-8 PHWR
units is introduced from Canada. The commercial
contract has been signed by both parties and was
formally approved by the governments of China and
Canada. We expect the project to be started in June,
1998 and the completion in 2003,

0—8—2



Lianyungang NPP in Jiangsu Province is a Sino-Russian
nuclear energy cooperative project. 2 PWR units of
VVER-1000  improved type-91 are introduced from
Russia. The construction of this project is planned to be
started by the end of 1998. The first unit is to be
completed in 2004.

China's nuclear power progress has ftriggered the
development of research and design, nuclear fuel
assembly fabrication and other related industries. Nuclear
industry plays a growing role in the national economy.

[I. Basic Policy, Current Status and Prospect of China's
Nuclear Fuel Industry

1. Basic Policy

With the consideration of the domestic condition and
reality of nuclear industry, following principles apply to
China's nuclear fuel development: combination of
opening-up and domestic orientation of fuel supply;
principle of peaceful use of nuclear technology for nuclear
power program to set up brand-new modernized nuclear
fuel industrial system to match with nuclear power
development; adoption of nuclear fuel cycle strategy of
reprocessing spent fuel of power reactor; abiding by the
state regulation on radiation protection and environmental
protection fo ensure the safety of nuclear facilities and
personnel.

Policy and technical guideline are as follows:

+ to rely on the domestic nuclear fuel resource and to
increase the efficiency of the resource;
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to promote iIn situ leaching and heap leaching
technology application for uranium mining and metallurgy;

- to shift from diffusion technique fo centrifugal technigue
for uranium enrichment production;

to introduce international new technology for fuel
assembly fabrication to supply international-level quality
fuel assemblies; meantime, to vigorously develop new
types of nuclear fuel element with improving technical
feature and decreasing fabrication cost;

to adopt close nuclear fuel cycle for spent fuel
reprocessing;

to minimize the rad waste output; to speed up the
solidification and digposal of medium and low-level
radioactive liquid wastes; to conduct the regional disposal
of medium and low-level solid wastes in near surface; as
well as concentration disposal of high-level radicactive
solid wastes in deep repository:;

2. Current Status and Prospect of China's Nuclear Fuel
industry

China has explored a certain quantity of natural uranium
reserves and theoretically the uranium resource supply is
guaranteed. According to the forecast of China's electric
power development, by the year of 2010, the capacity of
20GW nuclear power will demand 3000 ton uranium per
year; by the year of 2020, the capacity will reach over 40
GW. Based on the current status and potential of China's
uranium resource, plus the further uranium exploration
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and development, China can fully cater for the domestic
demand with certain surplus,

To meet the demand of nuclear power program, China is
speeding up the construction of centrifugal enrichment
plant as well as the R&D of in situ leaching mining
technology. Meantime, we are working preliminarily on the
HWR fuel production line. China has obtained the
capability of mass production of NPP fuel assembly for
300MW, 600MW and S900MW NPPs.

By the end of 1996, Qinshan Phase | NPP, Units 1 and 2
of Daya Bay NPP in operation have unloaded a total of
approximately 140 ton spent fuel. Besides, some spent
fuel has been unioaded from research and experiment
reactors and now is stored in the storage pools of the
facilities.

China plans to build a large-scale commercial
reprocessing plant in around 2020 and a pilot facility for
MOX fuel R&D in the near future. In order to acquire the
construction and operation experience of commercial
reprocessing plants, China is constructing a pilot plant with
a designed capacity of 300Kg/day in Lanzhou Nuclear
Fuel Complex. It is expected to be put into operation by
early next century. Also, a central storage facility of spent
fuel is under construction.

In China, the system of regulation and standard on rad
waste management has been established. Up to now, the
50 items of state standards and nuclear industrial
standards that were decreed and are being compiled have
basically met the requirement of rad waste management.
For high radioactive liquid waste treatment, China has
decided to adopt ceramic electric furnace vitrification
technique. The full-scale simulation device is to be put into
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experiment. For mid-level radioactive liquid waste disposal,
we adopt underground hydraulic fracture and bulk grouting
cementation process. The hydraulic fracture facility was
put into trial operation successfully at the end of 1996 and
the bulk grouting facility will be soon put into operation in
the coming years. For low level liquid waste treatment,
bitumen solidification is adopted with sound operation
record of its facility for several years. The low level liquid
waste discharged by NPPs undergoes cementation after
concentration at site.

China adopts regional disposal principle for low and mid-
level radioactive solid wastes. Northwest Low and Mid-
level Activity Waste Disposal Site is to be completed in
1997: Beilong Disposal Plant located in Guangdong
Province is planned for commercial operation in 1998, The
site selection of East China Disposal Site has been started.

I1l. Nuclear Safety and Environmental Protection

In the course of nuclear energy program, China sticks to
the basic principle of “safety priority, quality priority" to set
up safety environmental protection and health care system
at all levels. To ensure the quality and safety of nuclear
power construction and operation, China has established
complete nuclear safety regulation system and formed a
complete nuclear safety organization with National
Nuclear Safety Administration, as the major nuclear safety
regulatory agency and other corresponding nuclear safety
control bodies. China's government, through the
regulations and this organization, exercises
comprehensive review and supervision of NPPs and other
nuclear facilities. While ensuring the safety of nuclear
facilities and personnel, we aftach importance to the
campaign of public safety and environmental protection
awareness to build good image of nuclear energy program.
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With the focus on the nuclear power safety, we undertake
all the efforts of the safety and environmental protection in
the nuclear fuel industry. The top priority is to guarantee
NPP operation safety, especially the safety supervision
and radiation protection in the course of refueling repair
and maintenance; Meantime, we attach importance to
safety supervision and inspection in fuel cycle; We
constantly abide by the nuclear safety regulation and
implement the nuclear safety and environmental protection
measures;, We stick to the rad waste management policy
with the focal point of disposal. CNNC enjoys a complete
nuclear accident emergency system including emergency
agencies and necessary emergency facilities located in
NPPs and related nuclear facilities.

IV. International Cooperation in Nuclear Energy
Ladies and gentlemen,

In the initial phase of start-up to development, China
seeks extensive international cooperation to jointly explore
the market of nuclear power and nuclear fuel.

1. Chinese government constantly sticks to the following
three principles for nuclear export:

1) Use of nuclear energy only for peaceful purpose;

2) Request the nuclear importer governments to accept
IAEA safeguards and supervision;

3) Without mutual consent of both sides of cooperation, no
transfer to the third country.

2. International cooperation is an integral part of China's
nuclear energy program; The development in China's
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nuclear power and nuclear fuel industry brings about a
broad nuclear energy market to the world.

Experience acquired in China's nuclear power
development has proven the importance of international
nuclear technical exchange as well as further sharing and
introduction of technology, funds, management experience
and personnel for nuclear power and fuel fabrication.
China will maintain and develop the international
cooperation in nuclear power and nuclear fuel with other
couniries including Japan and join with them in
contributing to nuclear power development and economic
prosperity in this region.

Thank you all.
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INTRODUCTION

Thank you very much for inviting me to participate in the Japan Atomic Industrial
Forum’s (JAIF) 30th Annual Conference. It is a great honor and pleasure to be
here with you. My good friend and Trilateral Commission co-author—Professor
Ryukichi Imai—has told me much about JAIF and all the excellent conferences
you have held over the years.

This afternoon, I would like to focus my remarks on what I believe are some of the
key “energy security issues” facing the world, both in the short and long-term.

In preparing for my speech, I have drawn upon the principal conclusions of our
recently published Trilateral Commission report, Maintaining Energy Security in
a Global Context.

The speech is divided into six areas:

1. World Energy Supply and Demand Over the Next 15 Years

&

Rising Dependence on the Persian Gulf

W

Medium to Long-Term Environmental Challenges

>

Energy Scenarios—Fifty Years Ahead

Nuclear Power and the Importance of the Japanese Nuclear Energy
Program

n

6. Conclusions
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PARTI:

WORLD ENERGY SUPPLY AND DEMAND
OVER THE NEXT 15 YEARS

A. GEMS Model Calculation Process

Our tool for examining world energy supply and demand over the next 15 years
is the GEMS Model. The GEMS approach was first developed at MIT by Carroll
wilson and the Workshop on Alternative Energy Strategies, where I served as a
program officer 20 years ago.

It is a relatively “assumption driven” model, based on a number of factors
regarding economic growth, oil price, and fuel preferences. As shown in Figure 1,
the GEMS Model includes estimates of energy supply and demand for 11
countries, 10 regions and a global aggregate.

Figure 1: Calculation Process for GEMS World Aggregate
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It is therefore possible to look at fuel mix shifts and to estimate what it would take
to reduce dependence on a particular fuel for security or environmental reasons.
The model has over one million cells in an Excel spreadsheet format.

We start with economic growth and here we include private estimates of the
OECD secretariat. These estimates tend to be lower than member government
estimates. We have conservative estimates for world economic growth over the
next 15 years—?2.3 percent for OECD countries and 5.3 percent for non-OECD
countries. Estimates of economic growth for the rapidly industrializing countries
are somewhat higher than that of the more “mature” OECD economies.

B. Global Energy Supply and Demand

Free trade and the proliferation of market economies is propelling the world
toward a new era of economic prosperity. While this rapid economic growth is
raising living standards in many of these nations, it is also resulting in a dramatic
expansion of global energy demand.

Our GEMS Model projects that world energy demand will likely increase by
approximately 40 percent between now and 2010. As shown in Figure 2, OECD
countries will constitute a smaller share of much greater world energy
consumption than was the case in the early 1970s.

Figure 2: Energy Consumption by Region (1970-2010)
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I—1—6



This rise in global energy demand is occurring largely as a result of the increasing
liberalization of markets which has facilitated a shift in manufacturing away from
industrialized economies (such as those in the OECD) to rapidly industrializing
economies (such as those in Asia). Think of the basic steel production shifting
from the United States and Europe to Japan, and then to Korea, now to Thailand
and other Asian economies. These industries, such as the steel industry, use a
greater amount of energy per unit of gross domestic product (GDP) than the more
service-oriented economies in OECD countries.

Fnergy demand is also expanding because of the increasing percentage of
populations living in urban areas. Urbanization (the growth in proportion of a
country’s population which lives in towns or cities) not only leads to greater
demand for refrigerators, televisions, and electric fans, but also is directly related
to the rise in demand for motorized transport.

Energy systems do not change much in 15 years, and accordingly, as shown in
Figure 3, the GEMS Model projects that the world will continue to rely on fossil
fuels to meet the majority of its energy requirements.

Figure 3: World Primary Energy Demand by Fuel (1990-2010)
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C. Regional Energy Supply and Demand

Now that we have examined energy demand and supply patterns at a global
level, I think it will be helpful to examine the regional energy demand and supply
structure.

North America (including the U.S., Canada, and Mexico) has a large natural
resource endowment and consequently, many different energy options. Natural
gas has been the fastest growing energy source over the past several years. This
has come about as a result of several different factors, including the
implementation of the North American Free Trade Agreement (NAFTA) and
deregulation of energy markets in general. Changes in the U.S. electric utility
industry, environmental regulations and improvements in combined cycle
technology will ensure that natural gas will be the fastest growing fuel over the
next 15 years. Other fuels, such as oil, coal, and nuclear will retain their share in
the overall energy mix. Nuclear energy’s role will begin to decrease in the post-
2010 period as many plants are slated for decommissioning.

European countries represent a variety of different energy situations. Some are
producers (such as Norway, which is the second largest exporter of crude oil in
the world); others are consumers. Some have pursued aggressive nuclear power
programs, such as France and Belgium, and others such as Italy have relied on oil
for electric generation. We expect the energy demand/supply structure to remain
largely reliant on fossil fuels over the next 15 years, with natural gas as the fastest
growing fuel source.

Over 80 percent of Japan’s energy needs are met by imports—including all of its
oil, about 70 percent of which originates in the Middle East. Consequently,
diversifying its energy supply structure is the primary objective of Japan’s energy
policy. Expanding its nuclear energy program is a principal part of this plan,
including the development of a closed fuel cycle. The Japanese government’s
target of having nuclear energy provide approximately 40 percent of electric
generation by 2010 will require the addition of approximately 15 nuclear reactors.

The rapidly industrializing countries of Asia will account for a large percentage of
the increase in global energy demand over the next 15 years. Sustaining real
economic growth rates of between 6 and 8 percent will require massive amounts
of energy. We expect these countries to rely on the most inexpensive fuels—
largely oil and coal—to satisfy their expanding energy appetites. For example,
we projelct that China will rely on coal for 75 percent of its primary energy share
in 2010.

This raises an important, yet sensitive issue: the need for the industrialized
[OECD] countries to take the lead in using the most advanced energy
technologies, which are also the most expensive. Less industrialized countries
will rely on the cheaper energy technologies, just as we did during our earlier
stage of development. It is important to note, however, that these “cheaper
energy technologies” will still be much more efficient than the technologies we

' China will be the single largest source of greenhouse gas emissions during the next 15 years.
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ased 50 years ago. A coal plant being built in China today is far more advanced
than one that was built in the Ohio Valley just after World War II.

Now that we have examined energy and demand patterns over the next 15 years,
what trends emerge?

The energy portfolios in OECD countries will remain relatively balanced, with a
mix of fossil fuels, nuclear, and renewables. However, beginning in 2010, nuclear
generating capacity in many of these countries, with the exception of France and
Japan, will decline—increasing our reliance on fossil fuels.

The rapidly developing countries, especially those in Asia, will use an increasing
percentage of fossil fuels, especially coal, because of its abundance and low cost.
By 2010, fossil fuels will account for 80 percent of East Asia’s primary energy

supply.

What type of energy security issues does this likely pattern of energy supply and
demand over the next 15 years raise?
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PART II:
RISING DEPENDENCE ON THE PERSIAN GULF

A.  Increasing Dependence on Persian Gulf Oil

Based on our GEMS Model energy projections over the next 15 years, I believe
we face a daunting energy-related national security challenge associated with our
increasing dependence on oil from the volatile Persian Gulf. It is problem that will
be especially challenging for Asian countries, who according to estimates by the
U.S. intelligence community, will be importing approximately 90 percent of their
oil directly from the Persian Gulf.?

Many in the energy community discount the nature of the energy security threat
that is before us. They argue that improvements in oil recovery technology,
stable fiscal regimes, and the emergence of a global oil market lessen the
significance of Persian Gulf oil producers and thereby minimize the concept of
energy security.

Furthermore, persons claiming this view believe that in the event of another crisis
in the Persian Gulf, such as an attack on Saudi Arabia or Kuwait, the U.S. would
respond immediately by sending 500,000 troops to the region and restore order,
thus ensuring the stable supply of oil to world markets.

I disagree wholeheartedly with this point of view. In fact, I believe we are in an
even more perilous situation than that we faced during the 1970s, 1980s, and
early 1990s—a period during which we experienced an oil disruption due to geo-
political events on average every 5 years.

There are several reasons as to why I believe our increasing reliance on oil from
the Persian Gulf poses a significant national security threat:

e Rising Oil Demand: Oil demand is rising at an unprecedented rate and will
continue to be the world’s most important energy source. It will account for
over 40 percent of global primary energy supply in 2010. Without stable and
affordable supplies of oil, the global economy will grind to a halt. Much of
this oil demand over the next 15 years will originate in the rapidly
industrializing economies of East Asia. They will account for a greater
increase in annual oil demand than the whole of the OECD. This growth in oil
demand is being fueled largely by an expanding transportation sector.

e Non-OPEC Production: OECD regions, especially the North Sea and parts of
North America, have experienced impressive gains in oil recovery rates in the
more mature fields. Other parts of the world (non-OECD) are also increasing
oil production as the result of more stable fiscal regimes and technological
improvements. Nevertheless, with projected increases in worldwide oil

? By 2010, import dependency on the Persian Gulf will rise to 95 percent.
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consumption, steady non-OPEC oil production represents a declining share of
total world o1l supplies.

Persian Gulf Swing Producers: Despite the positive prospects for steady
(instead of declining) non-OPEC supply of oil, the world’s incremental oil
demand will have to be met by OPEC producers—and within OPEC by the
Persian Gulf producers: Iran, Iraq, Kuwait, Qatar, Saudi Arabia, and the United
Arab Emirates. As demonstrated in Figure 4, it is the percentage of world oil
supplies provided by the Persian Gulf producers (not OPEC overall) which we
project rising to mid-1970s levels around 2010. Persian Gulf exporters, with
enormous reserves and low production costs, promise to be the key swing
producers in meeting the world’s increased demand for oil.

Figure 4: World Dependence on Persian Gulf Oil
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Source: GEMS Global Energy Supply and Demand Model.

B.

Obstacles to Stable Qil Supplies from Persian Gulf

Certainly the Persian Gulf swing producers—>Saudi Arabia, Kuwait, Iran and
Irag—could produce this amount of oil based on their reserve potential, but there
are serious obstacles:

=}

Unstable Investment Climate: Governments in the region face daunting socio-
economic challenges in the coming decades. Past economic policies, based on
state-directed investments and subsidies paid by oil rents, are no longer viable.
The challenges of restoring economic growth, restraining population growth,
creating jobs, providing food, conserving water, and protecting the
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environment will require large sums of money. Only the private sector, both
domestic and foreign, can provide the necessary funds. Yet if such
investments are to occur, stable and predictable “rules of the game” for
private investors must be established.

o External Threats: Defending against external threats to a key producing
country—such as Iraq’s invasion and annexation of Kuwait in 1990 or the
war between Iran and Iraq in the 1980s—is of central concern and is
becoming more challenging. Advancements in military technology, especially
the development of weapons of mass destruction (nuclear, biological, and
chemical) by pariah states, raises questions about future U.S. military activity
in the region with the purpose of defending against external threats. The U.S.
Department of Defense has recently released a report outlining Iran’s
commitment to developing weapons of mass destruction and the threat this
imposes on the region. As Figure 5, illustrates, present day Iranian ballistic
missile technology would enable it to strike targets in neighboring countries,
including oil installations and ports in Saudi Arabia.’

Figure 5: Iranian Ballistic Missile Technology
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> Office of the Secretary of Defense. Proliferation: Threar and Response, (U.S. Department of Defense,
Apnl 1996).
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Internal Threats: Defending against internal threats—such as the collapse of
the Shah’s regime in Iran, which brought about the second oil shock in the
late 1970s—is one that is difficult for outside nations, such as the United
States, to influence. Several monarchies in the Gulf, such as Saudi Arabia, are
in the midst of transferring power to a younger generation. If we support the
current monarchical structures, which are often undemocratic, are we
supporting long-term revolutions, as was the case in 1979 in Iran? On the
other hand, if we withdraw our support for these established regimes, would
they fall into the hands of radical clerics, as is the case of Iran today?*

2

C. Optimistic Viewpoint

What could change this picture, remembering that our outlook period extends to
2010, which is not a long time in terms of energy planning?

e Lower Oil Demand: Oil demand could be lower than we project. However,
our GEMS Model projections are based on conservative estimates of future
economic growth. These projections are actually lower than almost all other
comparable models. For example, we estimate Chinese economic growth at a
relatively low average rate of 6 percent during the outlook period, compared
with OECD’s estimate of 8 percent and the World Bank estimate of 10
percent. We also assume improvements in energy efficiency. Therefore, if
anything, we have erred on the low side of energy [oil] demand. It could, in
fact, be higher.

e Technological Improvements: Breakthroughs in oil recovery technology are
an important reason for the better-than-predicted non-OPEC oil production
over the past decade. Improvements in recovery rates have brought about
reductions in cost to the point where North Sea recovery costs are less than
half what they were a decade ago. In our model, however, we account for
improvement in recovery, and in fact, we show an increase in non-OPEC
production for the forecasted period (1990-2010). Many forecasters will say
that this is too optimistic, but we believe it is realistic given advancements in
3-D seismic, horizontal drilling and other technologies. Nevertheless, the rate
of world demand for oil easily outstrips the capability of non-OPEC countries
to meet that demand, resulting in rising dependence on Persian Gulf
producers.

® Alternatively Powered Vehicles: The transportation sector is almost totally
dependent on oil. Demand for oil will rise corresponding to the rapid growth
projected in the transportation sector. One way of slowing that growth in oil
demand would be the wider use of alternatively powered vehicles. In the

* Some have suggested that despite the chaos and confusion from an internal revolution, the successor
regime would still have to sell oil in order “to eat.” This may be the case at the end of the revolution, but
what happens during the interim fighting that may involve rival factions and last several months? A sudden
drop in oil production from any of the major Persian Guif producers for even a period as short of 3 months
would wreak havoc on the global economy. Recall that the oil crisis of the 1970s became the international
debt crisis of the 1980s.
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short-term, this could involve greater use of natural gas, and other fossil fuel
derivatives. Over the long-term, electrically powered vehicles could
significantly reduce our oil consumption; however, unless a technological
breakthrough occurs in battery technology (which would both extend their
range and reduce their cost), electric vehicles will not make any significant
impact on the transportation sector until well after 2010. Furthermore, it takes
time to build distribution infrastructure and the rate of auto replacement on
average is only once every 10 years. Therefore, it may be 20 to 30 years
before we see a significant (say 25 percent) increase in market share of
alternatively powered vehicles.

e Emergence of the Former Soviet Union as Major Oil Exporter: During the
1980s, Russia was one of the largest crude oil producers in the world. In
1987-88, its production peaked at 12.5 million barrels per day. Today, its
production level is half that amount at around 6 million barrels per day. The
combination of low domestic prices, non-payments by consumers, high
taxation of producers, and an uncertain fiscal and legal regime, has caused a
collapse in drilling activity and new field development. Oil production has
probably bottomed out and will slowly begin to rise, but it will not reach its
high production levels of the 1980s until well into the next century. Another
potential supplier of oil to world markets in the area of the old Soviet Union is
the Central Asian and Caspian Sea region. Oil reserves in this area represent a
major new source of oil for the 21st century. Before this becomes a reality,
however, the oil needs to be transported to markets in Western Europe and
Asia through a volatile belt of countries and districts. There is much
uncertainty surrounding the development of adequate pipeline routes to
consumer markets.’

e Economic and Political Stability in the Middle East: Economic and political
stability in the Persian Gulf region is an essential element of maintaining
energy security. Each of the oil market disruptions of the 1970s, 1980s, and
1990s was linked to instability in the Gulf region. I certainly hope peace and
economic stability reign throughout the region, but we should not count on it.

D. Path Toward a Sustainable Future?

The world is steadily heading toward greater reliance on the Persian Gulf for its
principal energy resource—oil. Indeed almost half of the world’s oil may have to
come from this volatile region within the next 15 years.

The region is poised to undergo significant change over the next decade. The
aging leaders, the increasingly apparent dissatisfaction on the part of youthful
and frustrated populations, and the growing assertiveness of movements and
ideologies that contest the legitimacy of aging monarchies and civilian
dictatorships all suggest that the region is ripe for major political upheavals.

> If pipelines are built according to plan, it is projected that oil exports from the Caspian Sea could be as
high as 700,000 barrels per day beginning in 1997.
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Against this backdrop, prudent policymakers should be asking themselves several
questions:

e Are we maintaining a well-balanced energy portfolio—one that will
help insulate us from the effects of another oil shock?

e What political/military options do we have in responding to a crisis in
the Persian Gulf?

o What would be the costs, in terms of economics and national security,
of another major oil shock?

e Is our present national security policy sustainable?
Some people may say that my perspectives on rising dependence on the Persian

Gulf are overly pessimistic. However, I like to point out that in the field of
national security, we never plan for good news.
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PART HI:

MEDIUM TO LONG-TERM
ENVIRONMENTAL CHALLENGES

QOur analysis of energy supply and demand patterns over the next 15 years points
toward some troubling conclusions. The world, undergoing a profound economic
expansion, is turning toward the most inexpensive energy sources available. This
trend is not putting us on the right path toward a sustainable future, which so
many governments, including our own, have made such a top priority.® Two of
the most troubling trends are in the areas of national security and environmental
quality—principal elements of any strategy for achieving sustainable
development.

I have already alluded to what I think are the national security consequences of
our continued reliance on oil from the volatile Persian Gulf. I believe we face the
prospect of another oil market disruption within the next 3 to 5 years. Recall that
the shortfall brought forth as a result of the Iranian revolution in 1979 involved
only 5 percent of world oil supplies and lasted only three months. Yet it brought
forth profound economic dislocation, both in industrialized countries, which
plunged into deep recessions, and also for developing countries, which suffered
severe balance of payments problems.

Expanded energy, both in the production and consumption phases, brings forth a
host of environmental challenges—ones directly related to the theme of
sustainable development. The two that I will touch upon briefly—acid
deposition and global climate change—are the direct result of our use of fossil
fuels.

A. Acid Deposition

Acid deposition, which first became a major concern in the highly industrialized
regions of Europe and North America during the 1970s and 1980s, is beginning
to become evident in many areas of East Asia—especially along the southern
coast of China, the Korean peninsula, and Japan. Available monitoring shows
that the acidity of rainfall has been rising dramatically in some areas of the region.

If counter measures are not taken, acid deposition in many areas will increase by
more than a factor of five and exceed the levels observed in the most polluted

8 The term “sustainable development” has become one of the most widely used environmental and political
concepts over the past several years. It first appeared in 1987 when the World Commission on
Environment and Development (commonly referred to as the Bruntland Commission) released its report,
Our Common Future. Sustainable development was defined as “meeting the needs of the present without
compromising the ability of future generations to meet their own needs.”
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areas in Central and Eastern Europe.” Table 1 shows the current and projected
emissions of sulfur dioxide for Europe, North America and Asia. The total
projected sulfur dioxide emissions for Asian countries in 2000 and 2010 far
oxceed North America and Europe combined.

Figure 6: Current and Projected Sulfur Dioxide Emissions by Region
(million metric tons)

P

Region 1990 2000 2010
Europe 38.0 22.0 14.0
North America 21.0 15.0 14.0
Asia 34.0 53.0 78.0
China 22.0 34.0 48.0
India 4.5 6.6 10.9
Other 7.5 12.4 19.1

Source: RAINS-ASIA Program.

B. Global Climate Change

Although uncertainty surrounds the theory of global climate change (regarding
the extent and speed of such change, its overall effects and regional distribution,
and the cost and effectiveness of efforts to prevent, slow down, or adapt to
change), the magnitude of the risk led more than 150 countries to sign the
Framework Convention on Climate Change (the Rio Convention) in 1992.

Despite the fact that political leaders in OECD countries have made commitments
to stabilize their greenhouse gas emissions (at 1990 levels) by 2010, these
commitments will not be achieved. The necessary energy policies to meet these
targets are not being implemented. In fact, our GEMS Model/IEA projections
demonstrated in Figure 7, illustrate that energy-related carbon dioxide emissions
in 2010 will be over 30 percent higher than the 1990 level.

If the issue of global climate change is to be taken seriously over the long-term, a
fundamental change will have to be made in the global energy structure, with

7 Wes Foel et al, RAINS-ASIA: An Assessment Model for Air Pollution in Asia, Report on the World Bank
Sponsored Project: “Acid Rain and Emission Reductions in Asia” (Washington. DC: World Bank, 1995).
Some experts have noted that acid deposition could impact China’s agricultural productivity, threatening to
turn China into a net importer of rice in the next century.
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increased reliance on non-fossil fuels such as nuclear and renewable energy
sources.

Figure 7: World Carbon Dioxide Emissions

20 -

Other Areas:
‘o FSU/CEE
‘B OECD

Billion Tonnes

15 -

10 -

1971 1990 2010
Source: GEMS Global Energy Supply and Demand Model and IEA.

We have seen that our path to the twenty-first century is one that is becoming
increasingly reliant on fossil fuels. This reliance on fossil fuels raises significant
energy security and environmental challenges—ones that would seem to be in
direct conflict with our goal of sustainable development.
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PART IV:
ENERGY SCENARIOS—FIFTY YEARS AHEAD

This past fall, I participated in a seminar organized by Dr. Jack Gibbons, the
president Clinton’s Chief Science and Technolocy Advisor, and Director of the
White House Office of Science and Technology Policy. Dr. Gibbons was kind
enough to invite me to the White House to provide him and his senior staff with
an overview of our Trilateral Commission report.

Dr. Gibbons made several interesting comments at our meeting, including his
assessment how we should examine our long-term energy future—the period
2010 to 2050. Dr. Gibbons pointed out that in examining long-term energy
supply and demand, we first need to admit that there will be no “silver bullet”
that will solve all our problems. Our energy solution, he noted, will mvolve
several different technologies, including greater penetration of renewables,® more
energy efficiency and better conservation, expanded use of clean-burning natural
gas, and advanced nuclear energy technologies.

He said that if we want to see what type of role nuclear power will play, let us
first try to determine the contribution of other energy sources and technologies.
How much energy will renewables and natural gas be able to provide? Will
greater energy efficiency and more conservation lead to reduced total energy
demand? What type of transportation sector will be in place—fossil fuel-based or
reliant on alternative energy sources (electrical powered vehicles)? Then, he
stated, we will have a better idea of the need for nuclear energy—what amount of
nuclear energy will be need to fill the gap?

Dr. Gibbons’ observations are important and we were challenged to estimate the
fuels requirements of a sustainable development future, including the range
required of “clean and sustainable fuels” such as natural gas, renewables, nuclear
power and greater energy efficiency.

A.  Factors Driving Long-Term Energy Demand
This afternoon I would like build on Dr. Gibbon’s remarks and present to you
two different long-term energy scenarios that have we have generated from the

GEMS Model. The two cases are:

o Business as Usual: relies on fossil fuels to provide the majority of our
energy resources. In other words, a continuation of present policies.

¥ Included as renewable energy technologies are: hydro, solid biomass, photovoltaic cells, wind power,
geothermal, passive solar, and hydrogen.
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e Sustainable Growth: enhances the role of renewables, natural gas, and
nuclear, and includes improvements in energy efficiency. In other
words, a digression from fossil fuels.

In assessing long-term energy supply and demand futures, there are a number of
factors which could affect long-term energy supply and demand, and I have tried
to take these into account in building our projections.

In making our estimates for economic growth, we realize that there will be more
rapid economic growth in some periods and much lower growth during others.
Consequently, our economic growth for the 50 year period is 2.4 percent. This is
about the average economic growth of the last 50 years.

Population growth will be another influential factor—especially the increasing
urbanization of the world population. Our estimate for population growth over
the next 50 years is approximately 1.7 percent, which is considerably lower than
the average growth rate of 2.1 percent from 1971 to 1992. As demonstrated in
Figure 8, even with low economic growth rate expectations, the world’s
population could almost double in the next 50 years.” We use the same estimates
of economic and population growth in both scenario cases.

Figure 8: World Population Growth (1750-2100)
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Source: World Bank.

° By 2025, the world population is projected to total 8.3 billion people, or about 45 percent more than the
current estimated population of 5.7 billion. By 2050, world population projections reach 10 billion.
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B.  Business as Usual

First, let me discuss the business as usual strategy, which is based on a
continuation of present policies and market conditions. Our assumptions for
pusiness as usual are:

e

Continued reliance on oil in the transportation sector.

Continued reliance on coal for electrical generation, especially in
countries like China and India.

Continued progress in energy efficiency in the transport, industry, and
residential sectors.

Continued growth in use of natural gas, including development of long
distance pipelines.

Continued increase in use of renewables, but no serious market
penetration.

Continued decline in nuclear energy generating capacity in OECD
Europe and North America, but expansion of generating capacity in
Asia.

With what type of energy future does this present us? As demonstrated by
Figure 9, it is one in which we continue to use enormous amounts of fossil fuels—
especially oil and coal. I don’t think this type of future is sustainable, especially
from a national security and environmental quality perspective.

Figure 9: World Primary Energy Demand by Fuel (1990-2050) --
Business As Usual
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C. Sustainable Growth

That is why we take a hard look at our second scenario—sustainable growth—
and ask, what must be done today to achieve a sustainable future? Given our
huge energy supply and demand matrix, we try to force the model to give us
results which are sustainable. Our principal assumptions for sustainable growth

are:

Improvements in energy efficiency and conservation.

Growth in role of renewables in electricity generation sector.
Augmentation of natural gas in transport, industrial, commercial, and
electrical generation sectors.

Expansion in nuclear generating capacity—more than threefold by
2050.

Decline in use of oil and coal (as a percentage of total energy demand)
in all sectors. Oil and coal production does not exceed 20 percent of
production rates in 2010.

Increase in use of electric vehicles in transportation sector (30 percent
market share by 2050).

Figure 10 illustrates our projections for the sustainable growth scenario.

Figure 10: World Primary Energy Demand by Fuel (1990-2050) --
Sustainable Growth :
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What does this energy projection tell us about our future? We can see from the
sustainable growth scenario projection that fossil fuels still form a significant part
of our energy portfolio, but far less than was apparent in the case of business as
usual. Clean burning natural gas becomes the most important fossil fuel. We also
see that renewables assume an important part in our energy supply picture.

What about nuclear power? Even with nuclear power only slightly increasing its
ercentage share of total electricity generated (from approximately 16 percent in

1990 to 20 percent in 2050), we see that nuclear energy generating capacity will

have to increase about three-fold—ifrom 325 GWe in 1990 to over 958 GWe in

2050.

This conclusion will not come as a surprise to this audience. What often surprises
me is why environmental groups, so concerned about global climate change and
acid deposition, do not embrace the nuclear energy option, a key element in any
strategy designed to achieve sustainable development. Our sustainable growth
scenario does not assume that nuclear energy will be the silver bullet that will
overcome the energy challenges of the future. We are only assuming its role is
slightly increased; yet, under this scenario, there would have to be an almost
three-fold increase in nuclear generating capacity.

I think our snapshot of possible long-term energy supply and demand scenarios
tells us that we have to maintain a well balanced portfolio of energy sources. It
will be important to continue research and development on promising renewable
technologies, especially biomass and photovoltaics. Natural gas we see as the
fast growing energy source, largely because of its clean-burning attributes and
availability. But this will require huge investments in natural gas infrastructure
projects to get the gas to markets. We also underline the necessity of improving
energy efficiency and promoting more conservation. Finally, we see nuclear
power continuing to play a vital role in the electrical generation sector.
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Part V:

Nuclear Power and the Importance
of the Japanese Nuclear Energy Program

We have clearly seen from our last projections the importance of maintaining a
balanced energy portfolio. In the case of business as usual, our future is
dominated by oil and coal, both of which raise serious energy security and
environmental quality problems. This future is clearly not sustainable.

This leaves us with our second case—sustainable growth. If we are to achieve
this future, we need a well balanced energy portfolio, one that includes a strong
role for natural gas, renewables, and nuclear.

A. Short-Term Challenges

If nuclear power is to play a part in our sustainable growth scenario—which
projects a threefold increase in nuclear generating capacity—there are several
short-term challenges that it must overcome. These are:

e Finding a solution to the problem of long-term storage of waste.
e Ensuring that nuclear energy is economically viable.

e Maintaining a high safety record, particularly in the former Soviet
Union and rapidly industrializing countries.

o Meeting non-proliferation objectives.

The single largest challenge facing the nuclear power industry in the United
States, and I believe the world, is the problem of long-term storage of spent
nuclear fuel and other high-level radioactive wastes from commercial nuclear
power installations. If this challenge is not overcome, the future of nuclear
energy in this country will be in peril. We must continue our efforts and funding
for the completion and siting of the permanent waste depository at Yucca
Mountain.

Internationally, we should seek not only individual nation sites, but also consider
the concept of an international monitored retrievable storage site (IMRSS), which
would enable us to share expertise and expenses; and meet economic, non-
proliferation, environmental and safety concerns.

The economics of nuclear energy, compared with other energy choices, will

determine whether or not the United States will replace the existing generation of
nuclear power plants. In order to improve the economics of nuclear energy, we
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need to improve the regulatory environment. In Japan, 1t takes about 5 to 7 years
1o complete a plant. In this country, it can often take more than 10 years.

The Nuclear Regulatory Commission has made important steps in streamlining
licensing procedures and expediting the licensing process for pre-approved
standard designs. These efforts at streamlining our burdensome regulatory
environment must continue. Many still believe that even with regulatory reforms,
the cost of nuclear energy is still much too high. However, I like to view the
economics of nuclear energy from a national security perspective—one that
factors in the externalities of fossil fuels.

For example, although oil may appear inexpensive at $20 to $25 per barrel, there
are many costs which are not factored into the price, such as the cost of
maintaining a military force ready to intervene at a moments notice in the Persian

Gulf.

Coal too is cheap. But what about its social costs—specifically, its impact on the
environment? What if we were to include in the pricing structure for fossil fuels
the potential ramifications of global climate change?

Nuclear energy 1S the only energy form in which all factors are inputted into its
cost—from enrichment of natural uranium to the disposal of waste and
decommissioning of nuclear plants."

I like to point out that electric utilities in Japan are criticized for their expensive
electricity. Global competitors such as Toyota and Fujitsu might argue that the
high cost of electricity in Japan, brought about in part due to new construction of
nuclear power plants, may hinder their economic competitiveness. And looking
only at the electricity sector, they may be right. But think of Ford and IBM.

They may pay less for electricity, but they, indeed all citizens and companies, pay
a tremendous premium to maintain a $300 billion per year defense budget. We all
pay for energy security. It just comes out of different pockets. Let me say,
however, that Toyota does benefit by U.S. troops stationed in the Gulf. I would
also argue that Ford and IBM will benefit in the long-run by improvements in the
Japanese nuclear industry, which can at a later date be made available to U.S. and
European markets, when we do return to the nuclear option.

Over the past decade, operational safety of nuclear plants in OECD countries has
been excellent. We need to continue this strong record of high safety standards.
But maintaining our high standards of safety is not good enough. We need to
ensure, to the best of our ability, that all countries operating nuclear plants meet
high safety standards.

Safety of commercial nuclear power plants in the former Soviet Union is of
primary concern. Another Chernobyl-scale accident would seriously endanger
the future of nuclear energy world-wide. Last April, the G-7 held a special

' This is not the case with any of the fossil fuels. We do not include the cost of the externalities of fossil
fuel use (whether they be national security or environmental) in our price calculations.
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Nuclear Safety Summit in Moscow. The Summit recognized the need for safety
and security-related technical (and possible financial) assistance.

Plans to develop and/or expand nuclear energy programs in China, South Korea,
Taiwan, and other rapidly industrializing countries need to be monitored
carefully. A culture of safety and accountability, as is present in OECD countries,
needs to be impressed upon these countries. This is a role which Japan, which I
believe has the most advanced commercial nuclear energy program in the world,
needs to play. Japan has an outstanding record in safety and accountability. It
should take the lead in promoting these same standards among its Asian
neighbors.

Non-proliferation concerns will have a direct impact on nuclear energy’s future.
Non-proliferation challenges are much more varied and complex than they were
during the height of the Cold War—a time when two nations stood poised with
nuclear weapons ready to destroy one another. Today’s threat from nuclear
weapons is more complex and much more difficult to identify. While the United
States and Russia maintain their nuclear arsenals (along with the other declared
nuclear weapon states), other countries, such as Iran, North Korea, and Iraq seek
to develop nuclear weapons.

What can be done to reduce the threat of the proliferation of nuclear weapons?
First, the role of the International Atomic Energy Agency (IAEA) needs to be
strengthened. The IAEA has played a vital role in reducing the danger of nuclear
weapons development in Iraq and North Korea. Other challenges await. We
need to ensure that it has the proper resources to carry out its monitoring
functions.

Second, we need to continue our close cooperation with our Japanese and
European colleagues. The foundation of this cooperation is both the U.S.-Japan
Nuclear Cooperation Agreement and the U.S.-EURATOM Agreement. I applaud
Ambassador Kennedy’s efforts in negotiating the U.S.-Japan agreement and was
delighted to see the U.S.-EURATOM agreement recently come into force. We
need to work closely with our European and Japanese allies. As part of this
partnership, we should respect and support their decisions to reprocess spent
nuclear fuel. Japan and Europe view reprocessing as an integral part of their
national energy policies. Instead of worrying about their reprocessing programs,
we should be working with them in ensuring the safe and proliferation-resistant
development of nuclear power in other parts of the world.

These are tough challenges, but let me say that they are no tougher than the
national security, energy security and environmental problems associated with
other alternatives.

B. Japan’s Nuclear Energy Program

It is important to not only focus on the challenges of nuclear power, but also to
look at its successes and opportunities. In this respect, I would like to say a few
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words regarding the success of the Japanese nuclear energy program and your
efforts at long-term energy planning.

As a national security advocate, I understand and support the reasoning behind
Japan’s decision to make nuclear energy one of its principal energy resources in
the next century. You have the world’s second largest economy, yet has no
indigenous energy resources. Oil, which accounts for over 50 percent of its
primary energy supply, is almost 100 percent imported—?70 percent of which
comes from the Persian Gulf.

In typical Japanese fashion, you are undertaking a long-term nuclear energy
strategy—with the goal of developing a fully closed nuclear fuel cycle. This
long-term strategy is being carried out with future generations in mind, with the
objecuve of securing for them a safe, sustainable, rehable and environmentally
sensitive fuel source in the twenty-first century. As with any new technology,
the costs are high, but so is the cost of maintaining a military presence in the Gulf
region to secure oil for America and the world. As stated in our Trilateral
Commission report, Japan’s long-term nuclear energy program is its contribution
to maintaining our global energy security.

Many of you maybe aware that the Council on Foreign Relations, in close
cooperation with the Japan Atomic Industrial Forum, has established an Energy
Security Group in Washington. We meet on average every two months and
discuss a wide range of energy security issues facing both the United States and
Japan. In fact, just last week, at our April meeting, we greatly benefited by having
two excellent speakers from Japan. Mr. Tomihiro Taniguichi, the Deputy Director
of the Agency of Natural Resources and Energy at MITI gave a thorough
overview of the Japanese nuclear energy policy and the key role nuclear plays in
achieving the three objectives of Japan’s overall energy program: economic
growth, energy security, and environmental protection.

Following Mr. Taniguichi’s remarks, Professor Shunsuke Kondo of Tokyo
University gave a very interesting talk on recent efforts in Japan aimed at
improving the dialogue among government, industry, and local communities in
planning for future nuclear developments. Our American participants, which
included Kyle Simpson—Secretary of Energy Pena’s senior advisor and former
Secretary of Defense under President Kennedy, Robert McNamara, noted that
United States also faces public acceptance challenges over implementing energy
policy.

C. Medium to Long-Term Nuclear Energy Technologies

Discussion of Japan’s nuclear energy program brings me to the issue of
continuing our development of a number of advanced nuclear technologies—a
discussion that is best left to the technical experts at this conference.
Nevertheless, I still would like to make several brief comments from a layperson’s
perspective. If nuclear power is to play a dominant role in the 21st century,
research and development of advanced nuclear reactors and technologies must

[ —1-—27



continue—just as is the case with any other energy technology. One such
advanced nuclear technology under development in Japan, and from what I
understand, one that will be commercialized toward the end of this century, is the
use of mixed-oxide (MOX) fuel.

Several European countries have already a number of years of experience in
using MOX in commercial reactors. Japan’s objective of using MOX fuel toward
the end of the century is at the core of its energy security strategy. From the
perspective of maximizing national energy resources, it is not enough for Japan to
replace oil with nuclear power. It is also important to make the nuclear power
program as self-sufficient as possible by reprocessing spent fuel and recycling
plutonium into MOX fuel and using it in commercial reactors. I think
reprocessing is a viable technological option and one that makes not only sense
from a national security perspective, but also from an economic perspective over
the medium to long-term.

Although uranium resources are currently abundant and inexpensive, which
raises questions about the economics of reprocessing and long-term research on
the breeder reactor technology, the situation could change. If we are to achieve
our sustainable growth scenario—whereby North America and OECD Europe
return to nuclear energy for reasons of economic, national and environmental
security reprocessing will not be a luxury, but a necessity. Part of our GEMS
Model includes a relatively straight forward nuclear fuel cycle analysis, which can
project natural uranium civilian reactor requirements out to 2050 and compare
these figures with current known uranium resources.

Figure 11: Cumulative Civilian Reactor Uranium Demand Compared to Known
Uranium Resources
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Fieure 8 compares the current known supply of natural uranium to aggregate
consumption by civilian nuclear power reactors. The current known supply of
aranium recoverable for under $80 per kilogram is 3,800,000 tons according to
the Uranium Institute. Total natural uranium resources minable for under $130
er kilogram is 6,200,00 tons. Cumulative demand for uranium projected by the
GEMS Model show that the cheaper sources of natural uranium (under $80 per
kilogram) will be exhausted by the year 2045 in the business as usual scenario,
and by 2036 in the sustainable growth scenario. After this time, the burning of
reprocessed uranium in the form of MOX fuel will become cost efficient. More
noticeably, the increased use of nuclear fuel in the sustainable growth scenario
results in a rapid increase in uranium prices after the year 2030, approaching $130

per kilogram by the year 2050.
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Part VI:

Conclusions

This afternoon I have presented a broad overview of a number of the energy
security and environmental challenges facing the world. Some of these are short-
term in nature, while others are more medium to long-term in nature.

In the short-term, the most daunting energy security challenge is our increasing
reliance on the volatile Persian Gulf region. Reducing dependence will be
difficult, especially for the rapidly industrializing nations of Asia and Japan who
have little alternative but to purchase Middle East oil. In fact, by 2010 Asia’s
import dependency on the Persian Gulf will rise to 95 percent.

This emerging dependence underlines the importance of building oil stocks in
non-OECD nations, such as China. Stocks can be a vital resource in the event of
a sudden supply disruption. Furthermore, it reinforces the need for the United
States to maintain its active military presence in the Gulf region—protecting vital
sea lanes and ensuring stability in Saudi Arabia and other Gulf states.

As we look to the medium-to-long term, faced with energy projections that
indicate continued reliance on fossil fuels, a different type of energy-related
challenge emerges—the environment. In Asia, the most acute problem in the
medium-term will be acid rain, especially in the southern parts of China, the
Korean peninsula, and Japan. Globally, the challenge will be climate change.

These emerging energy security and environmental challenges clearly
demonstrate that we need to shift our global energy system away from fossil fuels
and toward cleaner burning and renewable energy resources.

This cannot be achieved overnight, but will take several decades. Japan can play
a key role, through its nuclear energy program, in leading the world toward a
more sustainable energy system. Japan’s role in developing advanced nuclear
technologies in the twenty-first century will be much like that of the United
States in the twentieth century when it protected the world’s vital energy
resource—oil.

Recent incidents at the Tokaimura waste reprocessing plant and Monju fast
breeder reactor have shaken the Japanese public’s confidence in nuclear power.
While these incidents are serious, it is essential to point out to the Japanese public
that no energy resource option is without its challenges. Oil—Japan’s principal
energy resource, comes from the volatile Middle East. Natural gas—while
abundant, is often located far from markets and requires the construction of long-
distance pipelines through politically sensitive regions and also requires
expensive infrastructure development. Coal is inexpensive, but a direct
contributor to the most challenge environmental issues of our time—acid rain and
clobal climate change. Renewables, while attractive, are limited and unable to
provide any significant amount of energy. As we conclude in our Trilateral
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Commission report, nuclear power emerges as a key energy source in terms of
achieving long-term sustainable development:

Nuclear energy has considerable appeal from the perspective of
all three faces of energy security. If the energy security problem is
vulnerability to disruptions in an emergency due to heavy
dependence on imported oil from an unstable Middle East,
nuclear power is an alternative energy source which can reduce
dependence on imported oil. If the energy security problem is the
long-term problem of sustainable development, given the global
climate change implications of rising greenhouse gas emissions
from the burning of fossil fuels, nuclear power emits no
greenhouse gases or sulfur dioxide or nitrous oxides that create
acid rain."!

Last week, in an opinion editorial in the Christian Science Monitor, I underlined
the importance of Japan’s state-of-the-art nuclear energy program and stated that
the Japanese nuclear power program:

. will provide U.S. and global planners with an important
renewable source of power that will enable the inhabitants of the
twenty-first century to grow and thrive as their oil-dependent
ancestors of the twentieth century.”?

Responding to an article on global climate change which appeared in the Wall
Street Journal in mid-March, I pointed out how Japan, the host nation of the
upcoming Kyoto climate change conference, is a solid example of a nation with a
sound energy policy and one which includes nuclear power as an important
component:

Japan has recognized that the safe, expanded use of nuclear
energy provides environmental benefits locally, regionally and
globally on a source that other renewable fuels may never
achieve. Locally, there is less pollution in Japan’s cities and
countryside. Regionally, there is less acid rain caused by power
production in Japan. But, most importantly for the international
community, with nuclear power production increasing at the

expense of oil and/or coal, greenhouse gas emissions are greatly
reduced.”

While the future for nuclear power in Japan, and more broadly speaking, Asia, is
bright, the situation in the United States is uncertain. Nevertheless, there have
been several encouraging developments which suggest a more optimistic future.
In his testimony before the Senate Energy and Natural Resource Committee in
late January, then-Secretary of Energy designate, Frederico Pena, cited energy
security as one of this top energy priorities and the need to “level the playing

i Maintaining Energy Security in a Global Context, pg. 67.
** Please refer to appendix for a copy of Mr. Martin’s opinion editorial in the Christian Science Monitor.
" Please refer to appendix for a copy of Mr. Martin’s letter to the editor of the Wall Street Journal.
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field” for nuclear power. Dr. Gibbons, President Clinton’s top science advisor,
has also noted the important role of nuclear power in the twenty-first century—
viewing nuclear power as a integral part of a balanced energy portfolio. At our
nation’s leading national laboratory—the Los Alamos National Laboratory, and
under the direction of lab Director, Dr. Sig Hecker, he and his scientists are
conducting a long-term nuclear vision.

As we look to the future, energy will play a key role in determining the pace of
our economic development and depending how and what type of energy
resources we use, the quality of our environment. The energy security and
environmental challenges we face should be viewed in a positive light—
challenges that can be met. In overcoming these challenges, whether it is helping
the Chinese develop a more efficient and cleaner burning energy system,
encouraging the continued development of non-fossil fuels such as nuclear and
renewables, or bringing over 100 nations together to discuss global climate
change in Kyoto, energy can act as bridge to building a greater harmony among
all nations.
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APPENDIX A:

DESCRIPTION OF GEMS
GLOBAL ENERGY SUPPLY AND DEMAND MODEL

The GEMS Model compiles energy statistics from the base year 1990 to
develop energy demand projections for Canada, China, France, Germany, India,
Japan, South Korea, Taiwan, the United Kingdom, and the United States. These
projections are incorporated into the regional projections compiled for Africa, the
former Soviet Union, Latin America, the Middle East, Non-OECD Asia, Non-
OECD Europe, OECD Europe, OECD North America, OECD Pacific and the OECD
Total. The regional totals are aggregated in the world total. GEMS uses the
standard energy supply/demand integration sheet used extensively by energy
analysts around the world.

For this presentation, GEMS has developed two scenario cases: (1)
“business as usual” and (2) “sustainable grcwvth.”15 In the business as usual
scenario, projections are based on current practices that rely heavily on oil for
transport and coal for electrification—in other words, a continuation of present
policies. It also accounts for continued progress in energy efficiency in the
transport, industry, and residential sectors, and growth in use of natural gas,
including development of long distance pipelines. It assumes that renewables
make no serious market penetration. Nuclear energy generating capacity
declines in North America and OECD Europe, but increases in East Asia. In the
sustainable growth scenario, we assume vast improvements in energy
conservation and efficiency; growth in the role of renewables in the electricity
generation sector, and augmentation of natural gas use in the transport,
industrial, commercial, and industrial sectors. Nuclear energy’s role is slightly
increased from today’s level of generating approximately 17 percent of the
world’s electricity to generating about 20 percent of the world’s electricity. We
also assume that electric vehicles account for 30 percent of the market share in
the transportation sector by 2050.

An important assumption of the GEMS model is the projected economic
growth of each region and country through 2050. The economic growth
assumptions are calculated from data available from the OECD Secretariat and the

'* All projections are made from base-year statistics 1990, compiled from IEA publications: Energy
Statistics and Balances of Non-OECD Countries 1989-1990 (Paris) and Energy Balances of OECD
Countries 1990-1991 (Paris).

' The final energy demand total in 2050 under the sustainable growth scenario (approximately 330 million
barrels per day oil equivalent) is lower than the final energy demand total under business as usual
(approximately 380 million barrels per day o1l equivalent) because of the assumed increases in energy
efficiency and conservation under the sustainable growth case.
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World Bank. The GEMS model, however, is generally more realistic about world
economic growth than either of these two organizations. The average world
economic growth from 1990 to 2050 estimated by the GEMS Model is 2.4 percent.
Population growth will be an important determining factor for economic growth
rates—especially the increasing trend of urbanization. Our estimates for
population growth over the next 50 years are 1.7 percent, which is considerably
lower than the average growth rate of 2.1 percent from 1971 to 1992.

The energy /GDP ratio is one of the most important assumptions made in
the model. This ratio determines the energy intensity of an economy and
represents an important distinction between rapidly industrializing (China and
India) and industrialized (OECD) countries. Rapidly industrializing countries
have a higher energy use per unit of GDP because their industries (steel and
heavy manufacturing) are more energy-intensive. Industrialized countries have
lower energy /GDP ratios because their industries (service industries) are less
energy-intensive. This ratio is multiplied by the economic growth rate to
determine the final energy demand growth rate. The GEMS Model takes into
account that the energy efficiency of technologies used by developing countries
is steadily improving. While they may not always adopt the most efficient
technologies, the basic standard has risen dramatically over the last 15 to 20
years, allowing developing countries to leap-frog to more efficient energy
technologies. Having the benefit of more efficient technologies will result in
developing countries having lower energy/GDP ratios than currently
industrialized countries at a similar earlier stage of development. The final
demand growth rate is found by multiplying the estimated economic growth
figure by the energy /GDP ratio. It is used to determine the growth of final
energy demand for each region and country in GEMS. The sector demand shares
by fuel for the transportation, industrial and commercial/residential sectors, are
based on the 1990 IEA data. For each country and region, depending on the
scenario, changes are made to the sector demand shares to show increased (or
decreased) usage of oil, coal, natural gas, nuclear, and renewable energy sources
in each sector over the 60 year period. Changes in the relative importance of the
transportation, industrial, and commercial/residential sectors also illustrate
changing energy needs for the countries and regions in the GEMS model.
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APPENDIX B:

ASSUMPTIONS FOR BUSINESS AS USUAL
AND SUSTAINABLE GROWTH SCENARIOS
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Nuclear Doubts Put US
Out of Step on Global Warming

Japean, host to coning conference, sets the best exanmple

By Willlam F. Martin
RITISH Eoviromment. Secretary Jobn
B Gunnner's rovend remarks conerrning
the US's “proflitate ruergy consmng-
tion™ iz the first vailey in what will be nine
eontentiona months tending up Lo a eritical in-
ternationnd  conference an  global  climate
change this Decembter in Kvoto, Japan, Mr
Ginmnmer’s open eritieism of the United States
wis (ilowert iy repois of disagresments
sy Furopean Union enviromment minis.
ters nn iargeis for retineing greenbonse enis-
sions — indieatiog just how Jdiflieadt it will he
to rencit consensus by the end of the year.
Guanner is coneernsd 1hat even the mnst
aggresvive action (o ent the consimuption of
fossil fuelg by reintively small eouniries, like

Brilain, will mean little i larger industrindizod?

counfries continite at cur-
rent and growing rates of
consumption. While  ecn-
nonmiie gians, like the US
andd eovsin members of the
Furopenn Union, continue
to proceetd slowly in agree-
ing to envisgion reductions,
removaf of harriers 1o world
irade hag igniled ceonmnic
development and mannfac-
turing all around the workd,
Growthh in coniries ke
China amd Inedin typically
means inereased refianee on the least sxpen.
sive aued st palluting sowcees of energy -
oil and cont,

Nty the thrent of giobal cthnate change
ol the world's growing encrgy demands wiil
force participants ac the Kyolo conference,
amd the LS in panientar, 1o reevainate dated
positions on energy policy. Washington has
some diffiendl renlitiea to face. Ameriean en-
eruy padicy, buill on the cheap and abydant
oil supplies of the 20(h contiry, continues to
project a relatively stable energy suppiy 50
years into the futtre,

Thix ignores, however, the (ar-reaching na-
tire of issnes raisert by the specter of gobai
cfimate change. At Ameriean view that the (IS
igght by il way ot of [his dilemma tironglt
e tiobsl cmissions (rading agreements s
shorxighted at best,

1 g 4ed ad

Energy indep g

We can no longer think of energy in terms
of “crergy indeperdence” for solely the US.
With popuiation growing aronnd the warid,
expliing e of antomnbile=, amd dramatic
inerensns in clectricity conmmption, it will be
eritieal to devslop uew nonpotiuting, secnre
sourees of ceneryy in the coming millenninm,
For Awericn {o be a leader in developing a
globml strateuy on climate change it st nod
only own up o its responsibilities (o rednce
emissions, Int il must algo address 2 full
rnge of renesvable resources,

The fexies raised by enviromnenial threats
(s {0 imerdion econnmie amnd national secu-
1ty ersiderations are leading nmny o ree.
iz the et for 2 iemsitiog away from oil-
it yrl-baserd prsver saurers, [ndustrialized
Crnniies are pueshing wivs 10 rethiee emise
giow — nging {rean cettolitting plants with

For America to be o
leader in developing a
globat strategy an climate
change it must reduce its
own emissions and
address a full range of
renewable resources.

energy-efficient  lighting o engauing  the
poawer of the free market through emissions
trading schemes. Througlhout the world calls
are heard f{or a massive shill to renewable
somrees of energy fike solar, wind, and nnciear
power. The former options are refatively non-
contraversial, hut nuclear power, the most. ad-
vanerd renewable source of power, remains a
ligtuning rod for many, especiatly in the 1JS.

The glare of Three Mile Isiand

Ameriran auilirdes tnwards nuclear power
are mueh like the proverbial deer, cnught this
time in the heaclighis of Three Mile (stand.
PPublie discussions on nnclear power typically
smplmsize incidents of the past rather than
focus on the present. Perhaps it is tefling,
then, that Japan, the host of the Kyoto con-
ference amd no stranger to the deatrictive po-
tentiai of muciear pnwer,
torlay offers a sofid exam-
nle of a aational energy
policy that deserves Amer-
ican snpport,

A eritical camponent of
Japan’s pians (or salely aned
sustainably meeting their
snergy nectds is the ex-
panded use of nuelear on-
ermy, providing  envicon.
mental  henefils  locaily,
regionaily, and globaily. Lo-
cally, there is ie=s pollution
in Japan'4 cities and countryside. Reygionaily,
there is less acid min eansed by power proe
duction in apan. Glolmily, with nuclear
power privduction increasing at the expense
af ail and/ar cond, gre gns om
are greatly rerinced.

Alzn important, Iapau’s electrie ntilities
continaily  incorpormte  lechnoingical  ad-
vancrs, such as efforts to recycle (reprocess)
spent nueiear et th ensure the most envi-
rommentally sensitive and efficient use of re-
somrced. By reprocessing spent nuclear fuiref
into mixed oxide (MOX) (uel, Jnpan mnaxi-
mizes use of ueaninm resources and is hetler
abile to manage nuclear waste.

As the {Jnited States prepares (or Kyotn, it
wnnied dn well Lo look (o its host as one snuree
of neaw Thinking in addressing the policy cn-
mmdrun of susainable development. This
term first appeared in 1987 when the World
Commission on Bnwvironment and  Develton-
ment (known as the Bruntand Commission)
rriensed its report, "Our Common Puture.” In
that report, sustainable development was de-
fined as, “meeting the needs of the present
willit comnpromising the ability of fufure
generatines (o meet Lhedr own nectls.”

Japan’s state-nf-the-art nse of nuclear en-
ergy will provide US ami global planners with
an important renewable sorrce of power that
will ennble the inhabitams of the 21t centnry
n grew aml thrive ra did their nitadepemient
ancestors of e 20th centiry.

But the S, the originator of muriear en-
ety and ance the ivbhestry lender, may have
Iy inke 7 mek seat while nther untions take
ihe ttetenr iendd.

tons

B (¥l F, Mmitine seerved as depy see-
veieern of pneviar_for President Reveggn.
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Cool Views on Global Warming

An international conference on cli-
mate change. 10 be held in Kvoto,
Japan. later this vear is forcing the in-
ternational community 0 grappie with a
raft of contentious issues concerning the
rising concentration of cardbon dioxide
and otner greenhouse gases in the
earth’s aumospnere. Your column notes
that whatever the scientific or political
disagreements. economic experts have
come o agree thal “standing pat is ot
an gpuon.”

For its part. the U.S. is sruggiing @0
come 0 grips with a policy thart sets limits
on carbon gas emissions. but aiso provides
flexibility'. One area of flexibility it seems
unwilling to address is the crigceal roie nu-
ciear power can play in ensuring that the
energy needs of a growing world are met
while giobal carbon emissions are re-
duced. When it comes to the proper role of
nuclear energy. Americans seems stuck in
the 1970s.

Yer the host of the conference on cii-
mate change, Japan. a nation more ax-
perienced than any other with the nega-
tive conseguences of nuclear energy. is
today a solid examplie of a sound na-
tional energy policy. which includes nu-
clear power as an important component.
Japan has recognized that the safe. ex-
panded use of nuclear energy provides
environmental benefits locally. region-
ally and giobally on a source that other
renewable fuels may never achieve. Lo-
cally, there is less pollution in Japan's
cities and the counmryside. Regionally.
there is less acid rain caused bv power
production in Jjapan. But, most impor-
tant for the international community.
with nuclear-power production increas-
ing at the expense of oil and/or coal.
greenhouse gas emissions are greatly
reduced.

WriLLiad F. MArTIN
Wasnington

(Mr. Mariin served as deputy secrernry

of energu for President Reagan.
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ABSTRACT

The potential impact of energy use on the earth’s climate is a subject of increasing international importance.
The meeting of the parties to the Framework Convention on Climate Change taking place in Kyoto, Japan
in December 1997 will attempt to set out a real international plan for curbing emissions of greenhouse gases.
In a general sense, and regardless of the specific outcome of the Kyoto meeting, if emissions of carbon
dioxide are to be curbed there must be some recognition of the value of producing less carbon dioxide from
enerey use. Market oriented plans using tradeable permits or offsets are possible means of recognising this

value.

Workable policies to curb carbon dioxide emissions from energy consumption must take into account the
sectoral characteristics of energy use. This paper summarises sectoral and regional patterns of energy use and
identifies the potentially important role of power generation and nuclear power generation in providing
opportunities to reduce carbon dioxide production. Development of a carbon value would change the results
of interfuel competition, tending to favour lighter (less carbon intensive) fossil fuels and particularly natural
gas. In the long term, power plants based on nuclear and renewable sources of energy could be favoured
hecause, in contrast to fossil-fuelled power plants, they are unaffected by any potential carbon value. Nuclear
power would provide a limit to carbon value by providing a large source of carbon dioxide emissions
reductions. Still, there are a number of policy constraints on nuclear power which would have to be loosened
before it could play a significant role contributing to future energy supplies. First among them is the public
willingness to accept new nuclear power plants, or even an extension of the lifetimes of currently operating
plants. Solving the political problem of what to do with spent nuclear fuel is a key element of this. Plant
designs that are seen to be safer than current plants also present a technical step in the right direction. In the
international context, a key issue is ensuring that any expansion of civilian nuclear power does not lead to
proliferation of nuclear weapons. The desire to reduce carbon dioxide emissions will not lead to greater use
of nuclear power, even if it may be an economic solution, if some of the non-economic impediments to its use
are not removed in the coming years.

Director. Office of Long-Term Co-operation and Policy Analysis (‘L.TO’)

R . . - g . . .
- Administrator, Energy Diversification Division, LTO
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This December, in Kyoto, Japan, the Conference of the Parties to the Framework Convention on Climgge
Change will meet to try to establish a real international plan to curb emissions of greenhouse gases. Pyy
limits on greenhouse gas emissions have been non-binding and will have been met in only a few countries,
If' the Kyoto conference does result in agreement on how to restrain the growth in greenhouse gases, the powey
gencration sector will become involved in its implementation because of power’s large contribution to carbog
dioxide emissions. Power generators could be asked to provide the same amount of electricity while
producing less carbon dioxide. This potential requirement to reduce the “carbon intensity” of power
generation would erode the competitive position of coal- and oil-fired power generation compared to power
generation using natural gas. In the long term, it could make power generation from all fossil fuels less
competitive compared to to nuclear and renewable sources of electricity. This paper explores this idea further,
First, the past patterns of energy use in the OECD are described. From these, the likely trends in electricity
demand are outlined in the context of overall energy demand. Next, the potential impacts of a firm agreement
at Kyoto are described, particularly the change in patterns of interfuel competition in energy-related services
and electricity generation that would result from restrictions on carbon dioxide emissions. The paper
concludes with the political challenges that face nuclear and which must be addressed before any potential
cconomic advantage it may have due to climate change concerns could be realised.

As an international organisation without strong links to any single national point of view, yet one in close
contact with the realities of energy policy and energy markets, the International Energy Agency (IEA) has a
unique point of view in the climate change debate. The [EA is an authoritative source of national energy
statistics and information for OECD countries, data upon which policy analyses must draw if their
consequences are to be correctly understood. The IEA has been involved in the debate and discussion on
climate change primarily by providing analyses of the potential effects of policies that might be implemented
under the climate change convention.

Sectoral and Regional Patterns of Energy Use -
What can past patterns of energy use tell us about our future appetite for energy? And what did the oil shocks
of the 1970s reveal about the potential for changes in energy use patterns in response to price increases’

There are several conclusions:

o the link between energy use and macroeconomic activity is strong. As national incomes have
increased, energy use has increased in a nearly constant relationship.

° the oil price shocks increased energy prices substantially, but not enough or long enough to change
this basic relationship.

Director. Office of Long-Term Co-operation and Policy Analysis (‘L TO’)

Administrator. Energy Diversification Division, LTO
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there are, however, differences in patterns by end-uses. Stationary fossil fuel uses such as space
heating and industrial uses have become less energy intensive since the 1970s, while electricity and
transportation energy uses have remained in nearly constant relationships with incomes.

there are also large differences by world region. The most important is the increasing share of energy
consumption outside the OECD.

Sectoral Trends

The differences in energy use patterns by sector must be taken into account when considering the potential
impact of climate change policies. Figure I shows the growth of energy use in relation to total gross domestic
product in IEA countries from 1960 to 1994. Figure 2 shows the corresponding data for the world as a whole
from 1971 to 1994, Total energy use has been categorised into the three end-use types mentioned above:
«ationary uses of energy, energy for transportation, and electricity. Each of these represents a demand for
eneray-related services rather than primary energy. Differences in the growth of energy use in each are

evident.

The consumption of fossil fuels other than in electric power plants or in transportation, so-called stationary
end-uses, includes industrial, agricultural, commercial, and residential energy uses. Of the three primary
energy-related services, only stationary uses have not increased steadily with national income. This may be
attributed to a number of factors, most importantly improved energy efficiency in industrial and residential
uses, accentuated by a structural shift away from energy-intensive industry and corresponding increase in
income share from services. Changes in energy use and location of steel production worldwide provide an
example of these factors.” In many instances, this end-use involves the production of heat for space-heating
or processing, where energy cost may represent a significant fraction of the total final service cost. In such
cases, end-use demand is sensitive to the price of energy, and energy use decreased in response to price
increases. Substitution of electricity for fossil fuels and changing patterns of residential energy use also
account for part of the change in energy use in this sector.

See “The Impact of Structure, Technology and Location: Energy Demand in the Iron and Steel
Sector,” chapter 6 of the IEA “World Energy Outlook, 1996 Edition.”
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Figure 1. Evolution of IEA Energy Demand by Energy-Related Service
1960 to 1994
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Figure 2. Evolution of World Energy Demand by Energy-Related Service
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In contrast, transportation and electricity have increased steadily in line with incomes. Use of energy for
transport has grown almost linearly with real income, although there was a small but noticeable readjustment
after the 1979 oil supply disruption. Increasing levels of taxation on transportation fuels, promotion of mass
transit, and increasing fuel efficiency of personal automobiles have not notably altered the gross pattern of
energy use in transport. Perhaps the single most important reason explaining this is that there are few cost-
effective substitutes for independent mobility in vehicles powered on petroleum fuels. Vehicles relying upon
electricity or natural gas are today more expensive on a life-cycle basis and account for only a tiny fraction
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- averall energy use for transportation. Further, the price of transportation fuels, in real terms, has not risen
i‘).;(,(]']it‘iczmtly higher today its price before the oil shocks. In many countries it is in fact lower. In addition, fuel
T:l proportion of total automobile running costs is typically less than one third the cost of running a personal
1»;¢hic1c. <o the impact of fuel price changes is diminished.

Electricity demand has also maintained a steady relationship with income. In nearly all end-uses, there has
heen @ substitution of fossil fuels by electricity, driven by the cleanliness, ease-of-use, and competitive
cconomics of electricity at the point of consumption. The steady penetration has been made possible by real
clectricity prices which on average have remained the same over the last decade. The period from 1975 to
(O8] saw a period of increasing prices which reached 30% higher prices at its peak, and this was followed
by a return to previous price levels by 1983. This period of increased electricity prices did not lower

clectricity intensity.

[nstalled power generation capacity has risen steadily to meet the growth in demand. In 1994 the OECD
average stood at about 1.8 kW per capita or 100 kW per thousand 1990 dollars of gross domestic product.
The latter has remained constant over past decades, as suggested by Figure 1. Acknowledging these figures,
the IEA’s World Energy Outlook projects installed capacity to increase by over 25% in the OECD and 120%
in the rest of the world by 2010.

Regional Trends

The patterns of energy use vary not only by sector, but by region. The most important trend is that the
OFECD’s share of world energy consumption is decreasing. The economies of OECD countries are growing
relatively slowly compared to many developing country economies, particularly those of the dynamic Asian
regions. Average growth in China, East Asia, and South Asia averaged 7.5% over the last decade, while in
the rest of the world it averaged 2.4%. With rapid economic development comes rapid growth in energy

consumption.

Somewhere between two-thirds and three-quarters of the growth in world primary energy demand over 1993
to 2010 is expected to take place outside the OECD. This is due not only to strong economic growth and
industrial expansion, but also high population growth, increasing urbanisation, and substitution of traditional
or non-commercial fuels by commercial energy. In many cases final energy demand is increasing from a
relatively low level. Although final levels cannot be accurately known, the difference in demand for energy-
related services between OECD and non-OECD countries can be expected to steadily decrease. For example,
in many countries car ownership levels are increasing. Domestic electrical appliances are becoming more
common.

The growth in energy demand for the power generation sector is likely to be based on coal to a much greater
cxtent outside of OECD countries. Particularly in countries without access to pipeline natural gas or with
relatively poorly developed natural gas supply infrastructure, coal-fired power generation is likely to dominate
capacity additions. In the OECD, combined cycles fired on natural gas will account for the largest fraction
of baseload capacity increase.

The regional differences in energy demand mean that patterns of growth in carbon dioxide emissions will
differ by regions. They show the critical importance of non-OECD economies in eventual policies to curb
emissions of greenhouse gases. As an example, emissions of carbon dioxide from China alone are expected
increase as much as those from the whole of the OECD in the period 1990 to 2010.

[ =37



Implications for Climate Change Policies
The trends described above suggest lessons for the debate on climate change policies. They are that:

° Any policy that significantly and permanently increases the price of fossil energy would, as the ¢
shocks, lead to changes in energy use that differ by the service it provides.

o Stationary fossil fuel use, primarily non-electricity industrial energy use and demand for heat, i
responsive to short term price changes. In the longer term energy efficiency improvements ang
evolution towards a lower share of industrial demand have in the past had a large impact on eneray
intensity in this sector. N

. Transport energy demand and electricity demand have shown a strong positive link with nationa|
incomes but are less sensitive to short-term energy price increases.

o Policies must involve all countries, not just OECD countries, because of the large growth in energy
consumption outside of the OECD.

It is difficult to quantitatively predict potential effects of long-term fossil fuel price increases. Past prices of
energy for transport and electricity have seen modest or no real long-term increases in many countries, and
so do not necessarily provide a full basis for quantitative predictions of future energy demand. However,
demand forboth energy-related services certainly depends upon price, among other factors, and increases in
the service price for could be expected to reduce demand for them. Prices increases in transportation fuels
would probably have little near-term impact on the fuel/technology choices for transportation, because today
there are few economic alternatives to fossil-fuelled vehicles.

Unlike other energy-related services, electricity demand is not linked to a primary energy source at the point
of use. That is, primary energy is transformed into electricity, today mainly in centralised facilities. This
provides a flexibility in the energy supply system which allows primary energy sources to be changed while
maintaining end-use equipment unchanged. The efficiency of electricity production may also change in
response to fuel price changes, while end user prices are only indirectly affected. Shifts in the composition
of the primary energy fuel mix for electricity generation do not require modifications to equipment for the
ultimate service provided by electricity.

In electricity generation, the fuel mix has changed in order to minimise production cost as fuel prices change.
This has been observed in practice, for example since the 1970s as the share of oil-fired power generation
decreased and nuclear’s share increased. The competitive economics of gas-fired power generation have led
to its rapid increase in many countries. Thanks to such structural changes in power generation, increases in
the final price of electricity have beeh moderated even as the economics of underlying interfuel competition
have changed over time. This has tended to maintain the relationship of electricity consumption and national
incomes.

Climate Change Policies and Their Potential Effects on Electricity

Parties to the Framework Convention on Climate Change have been discussing and debating policies to curb
greenhouse gas emissions since 1992. Under the 1995 Berlin Mandate to the Convention, certain parties to
the Convention are to develop “quantified emission limitation and reduction objectives” which would
effectively limit or reduce national emissions of greenhouse gases to arrive at a globally sought target after
2000. Some parties have suggested that stabilisation of their emissions at 1990 levels will be acceptable.
while others believe that cuts below these absolute levels of emissions will be required. The details of actual
policies that would meet these objectives are complicated by issues of equity among countries, differentiation
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of objectives according to national situations, timing of policies, and the practical matters of implementation.
As (he third Conference of the Parties approaches in December 1997, there has been a greater emphasis in
)mbﬁc debate on the idea that whatever policies might be adopted to control emissions of greenhouse gases
hould rely upon market mechanisms. That is, producers of greenhouse gases should be able to incorporate
é, value of emitting them in their economic planning and decision making.

The likely details of an international agreement to result from Kyoto are not yet known. But itis clear that
real commitments to reduce emissions of carbon dioxide and other greenhouse gases would effectively place
. value on not producing them. This has been recognised since the early stages of the climate change debate.
Fmissions limits at the level of individual producers such as power plants or automobiles would implicitly
place values on carbon dioxide emissions. Market-based policies would make the value explicit. In the case
of carbon dioxide emissions from fossil fuel use, we may speak about a “‘carbon value™ or the cost to energy
users to emit carbon dioxide. (Equivalently, this may be thought of a value to not emitting carbon dioxide.)
This value is today independent of the commercially determined fuel energy content.

Differences Among Energy Related Services

I indeed market-based instruments are chosen to meet the objectives of the climate treaty, in principle the
carbon value will be the same regardless of end-use, sector, or the technical details of processes producing
carbon dioxide. The effect upon individual energy end-uses is difficult to predict with certainty — in fact this
is precisely why market-based solutions are preferred by many economists. Rather than relying on centralised,
command and control measures in specific end-uses, market-based solutions can be expected to adjust energy
use patterns across all end-uses in a way which minimises the overall cost of meeting the emissions goals.
However, some general observations can be made on the likely effects of establishing a cost to emit carbon

dioxide.

The following factors are among those that will affect the price of energy-related services as a function of
carbon value:

o the fuel price increase due to carbon value;
o the fraction of service price that is fuel input;
° the ability to use fuels with lower carbon content and, hence, lower incremental cost increases due

to carbon value (availability of substitute processes or equipment providing the same service);
. the rate at which substitute processes or equipment can be introduced.

Generally the denser the fuel, the higher the carbon content and the higher the production of carbon dioxide
per unit of fuel energy. So a uniform carbon value would result in fractional price increases that vary by fuel,
as shown in Table 1.

The cost of providing energy-related services using the existing mix of processes and equipment would rise
according to the particular fuel used and the contribution of energy to the final price. For example, using the
figure from Table 1 for gasoline, the cost of providing personal mobility would rise by very little. The
presumed carbon value does not result in a large gasoline price increase and, furthermore, gasoline’s fraction
ol automobile life-cycle expenses is typically less than one third, so the net effect on total costs is quite small
(2% % 30% = 0.6%). In contrast, the effect of the same carbon value on the cost of providing an end-use
using coal could be much higher. Table 2 provides several illustrative values of the ratio of fuel cost to total
product cost.
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Table 1. Effect of Carbon Value of US$ 20 per Tonne on Energy Prices

Price Frac. Price
Increment Increase due

Carbon 1995 Avg. Due to to Carbon

Fuel Content IEA Price Carbon Value Value
(tonne C/toe) (US%/toe) (US$/toe) (%)

steam coal 1.13 8§64 23 36
heavy fuel oil 0.88 141 18 12
natural gas (industry) 0.63 112 13 11
light fuel oil 0.79 260 16 6
gasoline 0.85 1839 17 2
IEA electricity (equiv.) +1.30 1058 7 1

Source:  1EA Energy Prices and Taxes, Secretariat calculations

Notes: & Electricity consumption releases no carbon dioxide at the point of use. Average carbon content of
electricity is calculated based upon average carbon dioxide emissions per unit of IEA electricity
production. Similarly, price increment is based upon increased production cost passed through to
final consumer. assuming no change in generating plant mix. Fuel is assumed to represent one
quarter of total electricity cost on average throughout OECD.
§ Average steam coal price excludes Germany
tGasoline price assumed to be 0.70 US$/1i

Table 2. Fuel Cost as a Fraction of Total Product Cost

Fuel Cost/
Equipment Energy Source Product Total Life-Cycle Cost
automobile gasoline kilometres travelled 30%
refrigerator electricity refrigeration 40%
power plant coal electricity 50%
power plant gas electricity 70%
space heating system natural gas space heating 70%
electric motor electricity motion 90%

Note: Values are illustrative only.

If an energy-related service may be provided using a different energy source having a lower total cost.
including the carbon emission cost, the effect of a carbon value would be to encourage fuel switching. This
will tend to minimise cost increases due to a carbon value. In many instances, however, it is not possible to
switch energy sources from among fossil fuels. This is particularly the case in the transport sector, where
almost all energy consumption in road, marine, and aviation uses is without any close economic substitute
to refined petroleum products. Similarly, in stationary energy end-uses outside of industry, it is often the cas¢
that few economic alternatives exist to allow interfuel competition. Examples are agricultural machinery and.
in areas without access to a natural gas grid, space heating.

Industrial energy uses and electricity production are notably different from other energy-related services with

regard to their potential for fuel switching. This is because energy typically accounts for a large fraction of
final product price, and the quantities of energy used are sufficiently large to warrant dedicated infrastructure
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(0 deliver that energy. The ratios of carbon dioxide emissions from coal : petroleum products : natural gas
use in OECD industry are 1 :2.2: 1.9 and in OECD power generation are 1 : 0.2 : 0.2. In the rest of the
world. these ratios both for industry and power generation are about 1 : 0.3 : 0.2. These values indicate that
(here is large scope in both sectors, particularly power generation, for a shift towards lighter fuels if carbon
\alues and fuel availability make it economically feasible. The close prices of heavy fuel oil and natural gas
in many markets and existence of fuel-switching capability in both industrial and power sectors also suggest
(hat development of a carbon value would lead to a shift towards natural gas.

pPower Generation and Carbon-Free Energy Sources

power generation would be strongly affected by limits on carbon emissions or an explicit carbon value. It
accounts for roughly one third of all emissions of carbon dioxide, both in the OECD and worldwide. Fuel
costs typically account for 50-80% of final cost of electricity, depending on the fuel and the capacity factor
of the plant. It is also the single largest consumer of coal, whose final price is most sensitive to a carbon
value. Power generation is unique in that it may use energy sources that produce no carbon dioxide and whose
cconomics therefore would be unaffected by a carbon value arising from carbon dioxide limitations. These
are of course nuclear and renewable energy, including hydroelectric. Because of the above factors, power
eencration potentially offers one of the largest sources of carbon dioxide reduction among the three main
energy-related services.

Figure 3 shows the effect of a carbon value on the competitive position of fossil fuelled power generation and
carbon-free power generation, including their capital costs. The figures are based upon the actual average
prices of coal and natural gas for power generation, and assume a cost of electricity differential compared to
coal of 209% for nuclear and 40% for non-hydro renewables. Although in practice fuel choices will be made
by utilities based on their individual commercial situation and local pricing of equipment and fuels, it is clear
from the figure that introduction of a carbon value could significantly alter the competitive position of first
coal, then gas-fired power generation with respect to nuclear power and renewable power, Further, the carbon
value at which the competitive position of the different fuels changes differs in each region and in each
country.

Figure 3. Effect of Carbon Value on Power Generation Choice
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Notes:  Calculations are illustrative only and are based on IEA Secretariat estimates of input costs.
Cost of electricity assumptions: nuclear power 20% more expensive than coal plants: power from renewable energy 40%
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In countries with access to pipeline natural gas, gas-fired combined cycle gas turbines are typically the optig,
providing the lowest cost of electricity for baseload power generation. They also have the advantage of
releasing the least amount of carbon dioxide per kWh of any fossil-fuelled option, both because of their yge
of a low-carbon fuel and their high generation efficiency. These characteristics render them the least sensitiv,
to a carbon value of the fossil-fuelled options. So, while the introduction of a carbon value would incregg,e
their production costs, this would improve their competitive position relative to other fossil-fuelled optiong
and still leave them as formidable competitors to non-fossil generation options. The value of carbon woylg
have to rise to 200-300 US$/tonne for nuclear power to be competitive with gas-fired power generation under
the assumptions of this illustrative calculation.

In stark contrast, coal-fired power generation costs clearly would rise to the level of nuclear power at much
lower levels of carbon value. Carbon values of 25-35 US$/tonne would bring nuclear power into competition
with coal-fired power, while carbon values of 65-100 US$/tonne would bring non-hydro renewables into
competition with coal. Regardless of the precise figures, coal-fired power generation, even with advanced
technologies such as coal gasification combined cycle power plants, will become uneconomic compared (o
nuclear or renewable power well before gas-fired power production.

There are differences in the results of interfuel competition in the long term versus the short term. The above
considerations, which take into account the cost of capital in power production, relate to long-term
fuel/technology choices to minimise electricity production costs. In the short term, interfuel competition
would be constrained by the existing stock of power production technologies and the rate at which it was
economic to convert it or renew it. In those plants where switching to a less carbon-intensive fuel were
technically possible, a carbon value could result in making the switch. Plants whose fuel sources could not
be economically switched would tend to be operated at lower capacity factors. For example, coal-fired plants,
which typically provide baseload power, could move towards load-following service given a sufficiently large
carbon value. Nuclear plants, in the near term, could not play a significant role in adjusting to a carbon value
since they generally are operated at their maximum capacity and could not provide much incremental output.

These realignments of comparative power generation costs would depend on the costs and availability of each
of the energy sources in a local context. A basic precondition for interfuel competition and switching is the
access to the less-carbon intensive energy supply. If, for example, natural gas is not available except by
import of relatively expensive liquefied natural gas, a low carbon value might not have an impact on the
results of gas-oil or gas-coal interfuel competition. Similarly, if natural gas is not available locally, a carbon
value could cause a shift from coal- to oil-fired generation.

We may conclude from the discussion above that restrictions on carbon emissions in the power sector, either
with implicit or market-based restrictions on carbon dioxide emissions, could place coal-fired power
generation at a significant cost disadvantage, while favouring first gas-fired power, nuclear, and ultimately
renewables. The results of interfuel competition in the near term depend on the availability and price of fuels
in local markets. In markets where gas is currently competitive, it could remain so at carbon values which
increase gas price by a factor of two or more. However, in the long term nuclear power and renewables place
alimit on the level to which carbon value could rise, since their costs do not rise as a function of carbon value.

Market Determination of Carbon Value

As noted earlier, a value attached to the emissions of carbon dioxide (carbon value) would result from binding
restrictions on emissions of carbon dioxide, or greenhouse gases in general. If emissions limits were allocated
among sectors, costs of reducing emissions would be unevenly distributed. They would, however, still result
in changes in the competitive position of different fuel/technology combinations to provide the same energy-
related service. For example, coal would bear a heavier economic burden in all sectors. Carbon value would
be implicit and would vary, perhaps greatly, by sector and by end-use.
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On the other hand, if emissions limits were implemented in a market-based system, carbon value would be
determined by the classic balance of market supply and demand forces. It would be uniform among all end-
uses. drawing first on those end-uses having the least cost to reduce carbon emissions. As the requirement
for emissions reductions grew, more expensive options could be called upon. The carbon value would rise
aecordingly. On the demand side, increases in the cost of energy-related services would also have an effect.
Ax the cost of reducing emissions were included in prices to end users, consumption would decrease and
contribute to restraining emissions growth.

(Certain fuel/technology options would establish limits on carbon value until the full extent of their supply
could be absorbed. They would depend on local market conditions, including fuel supply. For example,
replacing heat-only heating systems by cogeneration heating systems might provide a supply of relatively
inexpensive carbon dioxide reductions without necessarily switching the primary energy input. In a heavily
urbanized area or cold country, this could conceivably supply emissions reductions equal to, say, several

pCI‘CCnt.

A more expensive source of emissions reductions might be industrial or power generation fuel switching in
existing plants. A less expensive switch would be from oil to gas, since the difference in their prices is small
in many markets. A more expensive switch would be from coal towards oil or gas. This is a much larger
potential source since switching from coal to oil alone accounts for a 20% reduction in carbon dioxide
emissions assuming the same efficiency of energy use. Switching to natural gas results in about a 40%
reduction in carbon dioxide emissions. However, the carbon value at which switching would be economic
from the energy user’s point of view would correspond to the price difference between the two fuels without
the carbon value. Coal prices would effectively double with a carbon value that made switching economic in
existing plants.

In new industrial or power facilities, where the capital cost must be taken into account, the choice of natural
eas is often the most economic even without a carbon value. As old facilities are replaced by new ones,
natural gas may provide a larger share of energy supply. This would provide a relatively inexpensive source
of carbon reduction. The relevant calculations for new power generation are illustrated in Figure 3. In
summary, switching to lighter fossil fuels represents a relatively large source of potential reduction in carbon
dioxide emissions. In a market-based approach to limiting carbon dioxide emissions, fuel switching could
be expected to set a series of imits on carbon value until most fuel switching opportunities were exhausted.

In the long run, continued worldwide economic growth could be expected to lead to substantial increases in
energy demand. As energy consumption increases in end-uses that do not have close economic substitutes
for fossil fuel use — among which transportation figures most prominently — the need for deeper reductions
in carbon dioxide emissions in other end-uses would grow. Carbon-free energy sources would ultimately
provide a technically limitless source of carbon dioxide reductions. They would also set the economic limit
to carbon value.

The largest sources of carbon-free energy are presently concentrated in electricity production: nuclear power
and power generation from renewables. Any future carbon value would not itself alter the economic
competition between them. Rather, technological development is the route by which nuclear or renewables
will ultimately provide electricity at the lowest cost. On the basis of today’s estimates of costs, nuclear power
has an advantage compared to renewables in many markets. Nuclear power would, by providing the limit to
carbon value, inevitably grow to meet the requirements of less carbon dioxide emissions in energy use.

This conclusion supposes that economics would be the deciding factor in the selection of nuclear power in
future energy development scenarios. This is not by any means a supposition that will hold true. Nuclear
power faces challenges beyond economic competitiveness which must be met before it can contribute to the
world’s future energy supply, with or without the effects of restrictions on carbon dioxide emissions.
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A Potential Decline in Diversity of Energy Supply?

Since the oil shocks governments have been particularly concerned about energy security. Their geneyy)
concern has been to reduce the potential economic consequences of a disruption in energy supply. The factor
seen as having the potential to cause supply disruptions include technical failures, such as the rupture of
pipeline, failure to mobilise long-term investment at a rate commensurate with demand growth, or politicy)
disruptions of fuel supply. A fundamental measure to promote security is to diversify energy sources sucl,
that each provides a smaller proportion of supply and, hence, has a smaller effect if disrupted. Diversity myy
refer to the number of producers, the number of transport options, the number of supplying countries, or the
number of ditferent fuels.

It is the latter that might cause concern if energy use shifted towards lighter fossil fuels in order to reduce
carbon dioxide emissions. If, for example, coal use diminished substantially and primary energy use shifted
towards oil and natural gas, the diversity of fuel inputs would be decreased. The potential effects of
disruption in oil or gas supply could be potentially greater for regions heavily dependent on these fuels as
their primary energy sources. In the long term, reliance on renewable energy could raise similar concerns,
Nature's supply of energy is not always constant, as droughts may reduce hydroelectric output, winds may
calm, or insects may devour an energy crop. Whether the result of restrictions on carbon emissions resulied
in a shift to lighter fossil fuels or carbon-free sources of energy, there is the potential concern that energy
diversity could be reduced.

The desire for energy security could give some advantage to nuclear power. In fact, the desire for energy
security was an important force in the rapid development of nuclear power after the oil shocks of the 1970,
Considering the supply of uranium to be sufficiently diversified that its supply should not be subject to fong-
term interruption, countries have tended to regard nuclear as an “indigenous” energy supply which contributes
to diversification of energy supply. In the past this meant diversification in relation to fossil fuels, and in the
future this role could be accentuated by a concentration in lighter fuels. Could it also mean diversification in
relation to renewables? If fossil fuel use diminishes in the future as carbon dioxide emissions are limited, or
i fossil fuel use is concentrated in lighter fuels, could nuclear help to contribute to the diversity, and hence
security, of energy supply? If these questions are answered positively by market forces or by government
action. the economic position of nuclear power could be strengthened if carbon emissions are limited in the
future.

Political Challenges for Nuclear

Although nuclear power now supplies about 7% of world total primary energy and one quarter of input energy
to electricity (11% and one third in the OECD), it is not clear today that these shares can be expanded or even
maintained in the future. Nuclear power has, in the last decade, seen a considerable change in its public
perception, economics, and technical challenges. The period of nuclear power development from 1950 to
1980 might be characterised as one primarily of technical and commercial development of the power
generation technology itself. The front end of the fuel cycle, that is enrichment and fabrication, were also
developed in parallel.

The 1978 accident at the Three Mile Island Plant in the United States and the 1986 explosion of the
Chernobyl plant in Ukraine substantially altered the pace and focus of nuclear power development. Safety
in generation, always seen as of fundamental importance, took on even greater prominence. Costs of safety-
related modifications to plant design and operation increased production costs, as did increased regulatory
oversight in some countries. Competition from economical gas-fired combined cycles and improved coal-fired
plants also appeared. In parallel, as the quantity of spent fuel increased from operating commercial reactors.
the need for development of the back end of the nuclear fuel cycle became more apparent. The approaching
retirement of some of the early plants also cast light on the need for more specific planning and substantial
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expenditures for plant decommissioning. Finally, baseload power growth has been relatively limited in the
countries where nuclear power has heretofore developed the most. As a result of these trends, today only two
OECD countries, Japan and France, have active nuclear power programs which expect new plants to be
constructed after 2000.

The challenges facing nuclear power today are both economic and political. Arguably, the greater challenge
solitical. The most important issues are:

is}

. public acceptance of nuclear power plants;

o development of the back end of the nuclear fuel cycle; and

. assurance that civil nuclear technologies and fuel will not be used for military purposes.

In fact the first two might both be described as one relating to public acceptance of nuclear power, because
the chief impediment to either reprocessing or long-term storage of spent nuclear fuel is essentially political
rather more than technical. Public acceptance of nuclear power also involves acceptance of related activities
such as fuel and waste transportation, disposal of low level radioactive waste, emergency evacuation plans,
operation of test reactors, and many other activities outside the confines of power generation stations. The
violent demonstrations against reprocessed fuel shipments in Germany in March 1997 and the recurring
public attention on reprocessed fuel shipments from France to Japan clearly illustrate this.

“Public acceptance” could alternately be described as “demonstration of nuclear safety.” Public concerns
ultimately stem from the fear that nuclear technology and materials could lead to release of unsafe levels of
radioactivity into the environment. In this regard nuclear power plants have shown considerable technological
progress since 1980 in improving safety through improved design and operational features. The historical
absence of dangerous radiation releases from civilian nuclear power plants in OECD countries must be seen
as a prerequisite for future maintenance or expansion of nuclear power in the OECD. New, simplified plant
designs involving passive safety features could help both in obtaining public acceptance and improving the
cconomics of nuclear power. Such designs have been under development since the 1980s and could
potentially be used in any new plants.

Concerns about the fate of radioactive species in spent fuel has been a serious impediment to development
of adequate plans and facilities for isolating civilian nuclear wastes from the environment. Spent fuel
reprocessing in particular has been impeded by concerns about the fate of plutonium and making sure that
itis not used for military purposes. In a number of countries the issue of spent fuel storage has reached a
stage of near paralysis in public debate, as for example in the United States. There, the government
administration has been unable to develop definitive plans for a permanent high-level waste repository, even
as the judicial branch has been brought into play to enforce the now 15 year old law requiring such plans. In
Germany and the United Kingdom, the sites identified as the most likely ones for waste storage face strong
public opposition. Plans for reprocessing of wastes have been similarly blocked by safety concerns and, the
last of the three main political challenges identified above, the fear of nuclear weapons development.

Non-proliferation is a key political challenge for nuclear. At the 1996 annual meeting of the American
Nuclear Society, one commentator went so far as to state that the “sustainability of nuclear power is in the
management of plutonium.” This could be true from both a technical and political standpoint. The plutonium
produced in light water reactor fuel is not directly usable from spent fuel elements, but reprocessing to isolate
and reuse plutonium in mixed oxide fuel poses a problem with potential diversion for military purposes. The
1970 Non-Proliferation Treaty was indefinitely extended and strengthened in 1995, and the number of parties
to it has grown to [78. It is the main international instrument for supporting the objective of non-
proliferation. Still, it is not universal, and several countries not party to it have active civilian nuclear
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programs. Further, the safeguards it provides must be adequately implemented for it to be effectiy,
Strengthening the functioning of the Non-Proliferation Treaty must be an important part of the developmey,
of civilian nuclear power. Nine countries* initiated a parallel effort in 1994 to establish an internationy,
framework to increase the transparency in the management of plutonium. The first agreement of the group
was to make public their inventories of civil plutonium. A wider effort along these lines would also help
address this challenge to the future of nuclear power.

Although the discussion on carbon value indicates the potential economic advantage that might accrue 14
nuclear power if carbon emissions are firmly restricted, particularly in the long term, the movement towards
competitive markets in power generation poses additional challenges for both nuclear power and renewable
power in the near term. Nuclear power has been developed throughout the world in regulatory regimes which
have allowed utilities to fully recover costs of nuclear power programs from electricity consumers. [p
addition, civilian nuclear technology development has been aided by government programs in research ang
development, fuel enrichment, reprocessing, and storage. That certain nuclear power plants may not have
been the most economic generation choices, seems, in hindsight, to be borne out by discussions of stranded
costs in electricity supply systems that are contemplating the introduction of competition in generation,
Renewable energy today is heavily subsidised in many countries around the world. It faces the same issue of
competitivity that nuclear power does in relation to fossil fuels. In the future it might also be drawn into a
debate on stranded costs if renewable energy subsidies were to be removed. So while both nuclear and
renewable power could become more competitive with carbon dioxide restrictions, long before fossil fuels
decrease significantly in use they must demonstrate economic viability, without government subsidies, in
more competitive power markets.

Conclusions

Past patterns of energy use in OECD countries show the strong links between economic growth and energy
use. Policies to address climate change concerns cannot ignore these links. Any measures taken to curb carbon
dioxide emissions from energy use must also recognise that each energy-related service sector and individual
end-uses will have different options available to reduce carbon dioxide emissions. Each sector and end-use
will have different costs associated with emission reductions.

The IEA believes that open, undistorted markets are the best means to ensure the efficient use of energy both
now and in the future. In the context of climate change policies this remains true. Thus, if firm restraint is
agreed upon by parties to the climate treaty, the advantages of market-based policies to restrain carbon
dioxide emissions are evident. Regardless of the form of policies ultimately devised, restrictions on carbon
dioxide emissions will lead to the development of a carbon value, or a value to reducing emissions.

A carbon value will change the results of interfuel competition, tending to favour lighter fossil fuels and more
efficient power production. In some end-use sectors, particularly transport, there are few alternatives to liquid
petroleum fuels, and a carbon value would have minimal effect on the immediate prospects for economical
fuel or technology switching. In other sectors, particularly electric power, production processes can take
advantage of fuel switching to lower carbon dioxide emissions while minimising final cost increases. Natural
gas is favoured in the near term, but higher carbon values could ultimately make nuclear power and
renewables less expensive options compared to fossil fuel.

The competitive position of nuclear power might be strengthened if market forces or government policy were
to give energy security a renewed importance. A shift towards lighter fossil fuels, particularly a decrease in
coals share of primary energy, would tend to reduce the diversity of fuel supply and raise concerns about the

* Belgium. China. Germany, France, Japan, Russia, Switzerland, the UK and the US.
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Po(ential for its disruption. In the long term, a concentration on renewable energy, which has a natural
component of variability, could tend to give a value to the improvement in diversity attainable using nuclear

P(’) wer.

A carbon value determined by market forces would be limited by sources of carbon dioxide reduction
obtainable from various fuel/technology options. In the near term such limits would relate to fuel switching
among fossil fuels. In the long-term the carbon-free energy sources of nuclear power and renewables provide
an upper limit for carbon value.

Nuclear power faces political obstacles that must be overcome if it is to provide such a limit on carbon value.
public concerns about safety, waste storage or disposal, and non-proliferation are critical areas that must be
addressed. Neither the nuclear industry nor governments should look to the climate change debate to ensure
the future of nuclear power. The desire to reduce carbon dioxide emissions will not lead to greater use of
nuclear power, even if it may be an economic solution, if some of the non-economic impediments to its use
are not removed in the coming years.

Should these obstacles be overcome, nuclear power could make an important, positive contribution to
reducing carbon dioxide production from energy use. Should the Kyoto conference result in firm international
commitments to reduce emissions of greenhouse gases, a cooperative framework for sharing the expense of
these commitments will inevitably be a part of it. In developing countries, where electricity growth is
strongest, nuclear power could grow within this framework and help in the search for a model of sustainable
development.
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Opinions summarized for the panel

Dr. Iwane Fujii

Energy is defined as an ability which can give any effects or influences to the
surroundings or the outside.So,the environment is always affected more or less
by our consumption of electric power,gasoline and so on.

Until now freely abundant usage and handling easiness for user enable us to
use mainly hard energy resources represented by coal,petroleum and the
like,including nuclear energy.Accordingly,our present life style and the social
system are all compromised with mass consumption of hard energy resources.

On the other hand,in spite of less environmental damage by usage of soft
energy resources such as wind power and solar energy,quantitative and handling
restriction in use at a time have prevented our positive utilization of soft energy
hitherto.Further,there remains still strong expectation for keeping the above-
mentioned situation in the developed countries,whereon the peoples especially
in the southeast countries having recent marked economical development also
expect much to trace same process as the developed countries did.

Such a global situation is going to bring on the following problems heavily and
world-widely:

1) Fear for rapid depletion of hard energy resources especially as oil:
2) Various aggravations for the global environment mostly brought by
mass consumption of hard energy resources:

3) Much troublesome substances being accumulated day by day:

The world,however,have still no effective countefplané to avoid these difficulties
and are eager for getting immediate profiles in general,which are also reflected
even to the invidual,Most persons have more or less interest in these problems,but
most of them think that they are the last man to encounter the prospective
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difficulties.
Anyway,in view of the fact that there is no way to cure the coming disease for
the environment the author would like to insist on the next items here:

I ) Urgent realization of life-style and social system principally based
on soft energy resources to keep sound environment where all
creatures can be alive:

II) Insurance of sustainability and stabilized energy supply through
more soft energy utilization:

) Adequate energy saving and selective use of energy:
IV) Expulsion of accumulation of troublesome substances:
V) Introduction of economical efficiency involving the estimated loss

for environmental aggravation:

Concrete measures to realize the above items are considered as follows:

a) Introduction the external cost such as CO, tax and the like:

b) Further technical development for soft energy utilization:

c) Establishment of clear-cut lines for disposal cost payer of waste
materials:

d) Conversion of mass production and mass consumption to effective

and saving use of every resources:

e) Further advancement of reuse and recycling of waste materials:
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(57.4) (52.9) (51.4) (50.0) (49.0)
=Xy Ex 577 624 1.3% 677 1.6% 7.19] 1.2% 751] 0.9%
{100.0) {100.0) { 100.0) (100.0 {100.0)
BEMREHEGDP) 94/854.3 | 00/94 2.3 0s/00 2.7 10/05 2.1 15/10 1.7
TRIVF—/GDPEMEE 0.569 0.606 0.584 0518
CO, HE i #(100771~C) 336.8 357.6 388.1 409.2 423.9
(1990=100) 107.2 113.8 123.6 130.3 135.0
COBEE B/ BIAT RILFE—~ {8 0.6308 0.6195 0.6200 0.6150 0.6371
(100 75t-C/10kcal)
—AZH YCo B E(t-C/A) 2.7 2.8 3.0 3.2 33
(1990=2.54)

GE) OPMIZERL : %

[-5—2



Roles and Future of Alternative Energies in Japan
Kazuya Fujime, Managing Director
The Institute of Energy Economics, Japan

1. Post-First Oil Crisis Trends of Oil Substitution

Since the first oil crisis, Japan's energy policy has underlined the promotion of
energy conservation and oil substitution as its two pillars. Energy conservation in Japan
has been rapidly in progress until the collapse of crude oil prices in the mid 1980s, but on
the wane afterward because falling crude oil prices, combined with the strong yen, have
nearly dispelled economic incentives. In regard to oil substitution, oil share in primary
energy supply shrank 21.1% from 77.4% to 56.3% in FY1973-85, while the shares of
nuclear and natural gas expanded 16.8% from 1.5% to 18.3% over the same period. In
FY1995, oil share stood at 55.8%, down a mere 0.5% over the past decade. Nuclear
and natural gas increased their shares to 22.8% in FY1995, up 4.5% over the decade, but
the tempo has been slowing down. In the background, aside from their shrinking
economic superiority to oil, it can not be overlooked that delays in nuclear development
plans, largely due to siting difficulties, have had a considerable negative impact on the

improvement of energy supply/demand mix.

2. Outlook for Oil Substitution for the Next 20 Years
(1) Primary Energy Supply

On the assumption that primary energy supply grows 1.2%/year (if GDP to go up
2.2%/year), oil supply would grow 0.5%/year and oil share in primary energy supply
would go down 6.8% from 55.8% in FY1995 to 49.0% in 2015. Instead, nuclear and
natural gas would increase their shares from 12.0% and 10.8% (22.8% when combined)
to 14.1% and 13.7% (27.8% when combined), or a 5.0% increase, over the same period.
Coal share would rise 3.3% from 16.5% to 18.9% during the same period.

Fossil fuels (oil, coal, natural gas), which amounted to 488 million ki oil equivalent
and occupied 83.2% of total energy supply in FY1995, would increase 1.1%/year to 613
million kl in 2015. It means their share should drop a scant 1.6% over the next two
decades. In absolute terms, fossil fuels would swell a hefty 25.6% in terms of oil
equivalent. As a result, carbon dioxide (CO2) emissions should rise 25.8%.

These phenomena stem from dragged nuclear development plans by siting

difficulties (only 58 GW out of planned 70 GW achievable as 0of 2010). The gap should

be covered by burning coal, natural gas and oil at power plants without any choice, which,
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in turn, inevitably boosts CO2 emissions (up 30% in 2010, and up 35% in 2015 over 199(
levels). As of 2010, Japan's overseas energy dependence would be 81.7%, compareq
with the government target set at 75.4%.

If Japan won't be able to use such nuclear advantages as a CO2-free quasi-
indigenous energy as planned, it would be a matter of great concern which can jeopardize

Japan's energy security and the government policy to arrest global warming.

(2) Electricity Supply

In 1995-2015, generated output is expected to grow an average
2.2%/year. Nuclear was responsible for 33.4% of total generated output in FY1995.
However, with nuclear generated output likely to grow a low 2.2%/year between
FY1995 and FY2015, nuclear share would remain almost unchanged at 33.3% even as of

FY2015. This represents much below 42%, the government target (for FY2010) stated
in its White Paper on Nuclear.

Table Primary Energy Supply Forecast (Base Case)

Energy Fy1994 2000 2005 2010 2015

Uit acwal 00/94 05/00 10/05 1510

Hydro TWH '68.5 88.9 | 4.5% 9551 14% 955 | 0.0% 9551 0.0%
(2.9) {3.5) (3.4) (3.2) (3.1)

Geothermal 10,000kI 64 116 | 10.6% 137 | 3.3% 137 0.1% 1381 0.1%
(0.9 (0.2) (0.2) (0.2) (0.2)

Coal mil. t 127 150 | 3.0% 171 2.5% 1871 1.7% 1951 0.9%
(18.0ff (17.7) (18.4) (18.9) (18.9)

Steaming coal |mil. t ! 62 82 4.8% 104 | 4.9% 123 3.4% 135 1.9%
(7.9 (8.7) (10.2) (11.4) (11.9)

Coking coal mil. t 65 681 0.7% 67| -0.2% 66| -0.5% 64| -0.7%
(9.3) (9.0 (8.2) (7.5) (7.0)

Natural gas mil. t 44 56| 4.1% 64| 2.6% 68| 1.2% 731 1.5%
(10.8)f (12.7) (13.3) (13.3) (13.7)

Nuclear 10 MW 4,037 4,508 1.9% 5,005 | 2.1% 5,800 3.0% 6,400 | 2.0%
(113))  (12.1) (12.3) (13.4) (14.1)

New energies/others |10,000k! 640 7121 1.8% 7121 0.0% 770 1.6% 828 | 1.5%
(1.1 (1.1) (1.1) (1.1) (1.1

Qit 100 mil. ki 3.32 331 -0.1% 348 1.0% 3.80| 0.7% 369 0.5%
(57.4) (52.9) . (51.4) (50.0) (49.0)

Total 100 mil. kI 5.77 6.24 | 1.3% 677 1.6% 7.18 1.2% 7.51 0.9%
(100.0)f (100.0) (100.0) (100.0) (100.0)

Economic growth (GDP) 94/85 4.3 00/94 2.3 05/00 2.7 10/05 2.1 1510 1.7
Energy/GDP elasticity 0.569 0.606 0.584 0.518
CO, emissions (mil. +-C) 336.8 357.6 388.1 409.2 423.9
(1990 = 100) 107.2 113.8 123.6 130.3 135.0
CO, emissions/domestic energy || 0.6308 0.6185 0.6200 0.6150 0.6371
supply  {mil. t-C/10"%kcal)
Per capita CO, emissions 2.7 2.8 3.0 3.2 3.3
(t-C/capita) (1990 = 2.54)

(Note) In parenthesis are shares (%).
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Trends in Primary Energy Supply
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F.Y. 1960 | 1970 | 1973 | 1975 | 1979 | 1980 | 1985 | 1990 | 1995

Primary Energy Supply 101| 320 385 366| 411| 397| 405| 486| 544

O1l 37.6f 71.9| 774 734| T1.5| 66.1| 563, 583 558
Coal 4121 199 155 164 13.8] 170 194 16.6] 165

Shares | Natural Gas 0.9 1.2 1.5 2.5 5.2 6.1 9.4 10.1 10.8
(%) | Nuclear - 0.3 0.6 1.5 3.9 4.7 8.9 94| 120

Hydro 15.7 5.6 4.1 5.3 4.6 5.2 4.7 42 3.5
Geothermal - 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2

New Energy etc. 4.6 1.0 0.91 0.9 1.0 1.0 1.2 1.3 1.1

Source:Energy Balance Tables in Japan (EDMCAITI)
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LEFICHL, I OTFINF—I v 7 AT BEEICHENRI VT —2EA
T oA ERANCHRE T 5 X OMEKEL TEk. KB, BA. K. #E, X0
NAF AT NTIHE, EREIN, TORBRIRILENFEE SN,

405G, REBEIT1I9I96HFIARETICL, 61279, 000 kWK
L. RBEACABERENERINTVS, TORFRE, RRTX2 6. 8%, MREHH 2
5.6%. #@k20.9%, KH8. 3%, FT4—tI4. 6%, TNLSMTHERREL
IV FE— EZDHRE TR TV B,
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15 0AMAA-MVPHEBEINE, WETH TRONANATAEZRMAT2IY 2%
Lb—aid, BEEL1, 500 FDONHRAEERLEZDIIHL, bHNSBITED
OBEREMEL 9 9 4FITHE4L, 66 07 FARBELTHEAINZ, 2ED 9
DOMTEHHE A ZRP U THABZITIFEIRNEINTNEEIATH D, 51T,
By YN (FEFA) BEDIFIVF—IEYIRO/NIERBICHEE LRI E LT
MEENTEL, Ay INBHREDOLIA, REARBBRED BEBRIEWED, F
BRARELE UTIIRERICRIL LN I EHIHL TS, Y1 EKEBT (EGAT)
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m/ s ThD, GFEEN42. 33kWeDENF—ERHBENAMNBBIN TN
5,

IKNFEBIEERRIRINF—ELU TR, TR TREL, REBXHERIT2
8671, 070kWTHD, AT, KL (PV) XS 7afioEAERRET RV
FORAOFREEITDOVTHERIML TN, SHREERIC. P VIZBNELEE
DR ETLSIRVERTIEN VRO S TH A5 EBDNS,
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Renewables as alternative energy sources for Thailand.

Kulthorn Silapabanleng
Director, Energy Research Institute, Chulalongkorn University, Bangkok, Thailand.

Following the oil crisis in 1973, the governments of Thailand have commissioned
various institutions and agencies relating to energy issues to seriously look into the
possibilities of introducing renewable energy into the country's plan for energy mix.
Solar, Wind, Hydro, Geothermal and Biomass have all been investigated and
experimented and their economic viabilities studied

For Thailand, the total power generation was recorded at 16, 129 MW by the end
of September 1996, with various types of fuels used in the electricity generation
namely Natural Gas 26.8%, Fuel Oil 25.6%, Lignite 20.9%, Hydro 8.3%, Diesel 4.6%
and others including renewables as remaining balance.

The first 9 months of 1996 saw Thailand's demand for electricity increased by
7.0% over the same period in 1995. The government's favorable policies towards
renewables including cogeneration have been aware among the private SPP (small
power producers) and this paper presents an overview of renewable fuels currently in
use and their potential development.

Energy from agricultural and forestry wastes namely fire woods, charcoal, rice
husks and bagasse have been used widely in rural households and small-scale
industries. Cooking by fire-woods consumed some 71.5 million cubic metre in 1994.
Bagasse-based cogeneration, as practices in sugar mills, used approximately 15 million
of bagasse, whereas, rice husks and other agricultural wastes were used as fuels at an
estimate of 46.6 million tons, in 1994.

The plan to burn municipal wastes to generate electricity in 9 provinces
throughout the country is being considered. In addition, and energy crop such as
cassava (tapioca) has been investigated as possible fuel for future small scale power
generation. It has been found that cassava is currently uneconomically viable as fuel
for power generation owing to its higher price than, say, lignite.

The Electricity Generating Authority (EGAT) has long been experimenting with
wind turbines for power generation. The site at Phuket island has an average wind
velocity of 5 M/S and has been installed with 4 units of wind turbine-generating sets
with total combined capacity of 42.33 kwe.

Hydro power generation is by far the largest among renewables, with total
installed capacity of 2,861.07 MW. The paper also looks at the availability of other
renewables like solar (photovoltaic), where during the next several years, PV will be
more acceptable in those remote communities which can not be served by rural

electrification programme.
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RENEWABLES AS ALTERNATIVE ENERGY SOURCES FOR THAILAND.
by

Kulthorn Silapabanleng

1 CURRENT ENERGY SITUATION IN THAILAND

Thailand has long been regarded as a net energy importing country. In 1994,
as reported by the Department of Energy Development and Promotion (DEDP), out
of the total primary energy supply of the country of 65,825 million tons of

oil equivalent 43% is imported. Among the energy imported in 1994, crude oil

is the largest proportion of all accounted for 66%, followed by petroleum

products 30% and coal 3%.

The contribution of domestic energy production to the country's energy supply

is due almost equally betweennodern and renewable energy. Themodern,domestic
energy production in 1994 is accounted for 48%, consisting of 25% natural gas,
14% lignite, 7% crude oil and condensate and 2% hydropower. The renewable energy
takes a greater part of domestic energy production accounted for 52%,

distributed into 43% fuel wood, 7% bagasse and 2% paddy husk.

The final energy consumption by economic sectors is interesting that the
percentage use in the transportation sector is almost unchanged and remains at

37%, the largest of all, since 1990 till 1994. The manufacturing sector consumes

is

@

32% cf final energy, the residential and commercial 27% and the rest 4

consumed in the agriculture, construction and mining sectors.

Due to rapid economic growth during the past decade, Thailand's electric energy
consumption has increased at considerable high rates. The highest increase of
16.5% was in 1990 when the economic growth was double digits at 10.3%. The
electric energy consumption in 1994 was 62,510 Giga Watt-hours (GWh), an

increase of 11% from previous year. The peak

* Director, Energy Research Institute, Chulalongkorn University, Bangkok,

Thailand.
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generation was almost 11,000 Mega Watts (MW). The industrial sector consumeg
the largest proportion of all accounted for 46% in 1994, followed by Commercn&
sector 32% and residential sector 20%. Main sources of electric energy
production in 1994 are from domestic natural gas accounted for 44%, fuel oj]
28%, lignite 20%, hydropower 6% and diesel oil 2%. A very small fraction of
renewable energy, geothermal and solar energy, of 1.1 GWh is contributed to
the electric generation by the Electric Generating Authority of Thailand(EGATL
A numner of privately own and industrial power generating plants are pProducing
power from renewable energy sources, such as, bagasse, other agricultural

residues and industrial wastes.
2. CURRENT NATIONAL ENERGY POLICY

The national energy policy was drafted by the National Economic and
Social Development Boara for the Seventh Five-Year National Plan period
between 1992-1996 and was approved by the Cabinet to be used as guidelines for
implementing the energy development programs in the same period. The five-~

point energy policies are written as follows:

1. To provide energy to meet the demand of the country, with security
and at reasonable prices.

2. To enforce the efficient use of energy and energy conservation
measures.

3. To increase the role of private sector and to reform the energy
administration systems in the government sector to become more
integrated.

4. To conserve enviroment and protect the communities from the impact
of energy production and utilization.

5. To distribute well-beings to the rural area and new economic zOnes
as a result of energy development.

The National Energy Policy Office (NEPO), acting as the secretariat to the
National Energy Policy Board (NEPB), chaired by the Prime Minister, is the sole

national government agency responsible for the control and implementing the
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countrygs energy policies. In executing the energy policies, there are a
pumber of government agencies and state enterprises looking after. Those
agencies are Department of Energy Development and Promotion(DEDP), Department

of Mineral Resources (DMR) , Petroleum Authority of Thailand (PTT), Department

of Industrial Works.

3, OIL AND POWER SUPPLIES

3.1 0il Supply

Normally, transportation of petroleum products from refineries to provincial
areas in Thailand is by fleets of trucks which most of them have to travel
through Bangkok and the surrounding areas causing a lot of problems in the
cities, such as traffic congestion, inefficient use of energy and, consequently,
air pollution and greenhouse gases production, contributing to the problems

of golbal warming and climate changes. The government has set up a policy and
measures to cope with these problems by giving incentives to private companies
to run pipelines from oil refineries to provincial industrial areas, at the
same time, discouraging the traditional transportation by trucks by limiting
the truck times traveling through Bangkok only at night time between 10 p.m.

5 am. This policy has multiple advantages for the country in reducing traffic
congestion in the cities, reducing air and noise pollution and water pollution
due to o0il leakage into the river. Moreover, it helps conserve energy in the
transportation sector. As the country is growing economically, oil
transportation and distribution system should be changed from micro transport

to mass transportation.

There are a number of policies and measures aiming at securing the country's
0il supply but having no motives from environmental concerns which will not be

discussed in this article.

3.2 Power Supply

In order to increase country's capabilities in electric power supply, pumivate

Sector is be allowed to take part in the power generation so that
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competitiveness for high efficiency of power production would exist. For 2 logg
time, EGAT has been the sole government enterprise supplying electric power t0~
the whole country. The marginal cost and costplus basis has been used tqo set
up the tariff rates. There have been none competitions so far. 1In December]S%V
the government has approved a private sector involvement policy allowing Privag,
companies to produce electricity for sales in the so-called Independent Powey
Producers oX IPP Policy. As a first step towards privatization, EGAT has
announced for proposals from IPPs to generate and sell 3,800 Megawatts to the
grid. This policy has turned the power generation monopoly which has been gegep
and known as public utilities into power business allowing international
competition where new technologies could be widely introduced to yield high
efficiency power production while having less negative impact to the environment.

This can be viewed as having stemmed from both economic and environmertal concerps

Small Hydropower Development. Hydropower has played an important role to power
production for Thailand since the beginning of bulk power supply some 30 years
ago. Today, large hydropower contributes only 8% of electricity supply.
However, there are a considerable number of hydropower sources scattering

mainly in the North and the Socuth. The principal plan is to develop some 50
megawatts small hydropower, while keeping some 32 megawatts as future development.
The plan to develop small hydropower sources is of importance to the renewable
energy development policy as it will also link with the energy conservation and

environmental protection policy.

Small Power Producers (SPP). The Small Power Producer Policy is aimed to
encourage and promote private enterprises in the generation of power from
renewable energy, such as solar, wind, geothermal and agricultural and
industrial wastes. Efficiency of energy production in industrial plants in the
form of cogeneration where heat and power are simultaneously generated would
increase considerably. Excess power not being used in the factories will be
sold to the grid. The policy to buy power from SPP and feed them to the grid
at a just rate would help factory owners inearning extra income and encouragé€
the utilization of energy-from waste efficiently, hence reducing the use of

I—-7—-6



conventional energy. This policy has contributed to the energy conservation

and environmental protection policy as well.

4. CURRENT STATUS OF RENEWABLES IN THAILAND'S ENERGY MIX.

rThailand is in the initial stages of introducing renewable energy into the
country's total energy mix. The Department of Energy Development and Promotion
(DEDP) reported that the total production of renewable energy namely fuel wood,
paddy husk and bagasse, in 1993 were 17.7 Mtoe , an increase of 8.9% over the

previous year and accounted for 51.9% of the total indigenious energy production.

4.1 Energy from Biomass. In 1994, Thailand consumed 10.3 million tons of
firewoods and 6.5 million tons of charcoal for domestic cooking purposes in rural
areas and small - scale rural industries. Baggasse's consumption by the sugar
industry was 15 million tons. Rice husks combined with other agricultural
residues were estimated at 46.6 million tons, as used mainly in the rice Mills

throughout the country.

It has been estimated by the DEDP that each year, the country generates as much
as 5.1 million tons of rice husks, 35 million tons of straws, 12.6 million tons
of baggasse, 1,0 million tons of corn cobs, 1.8 million tons of cassava plants

and 0.6 million tons of other agricultural residues respectively.

Other agricultural crops can be processed into liquid fuels. For example
Methanol derived from sugar care and cassava. In addition, Thailand has some
5.8 million cows, 4.9 million water buffaloes and 4.7 million pigs and the
excretion (dung) generated from these animals could be turned into biogas, giving

energy equivalent to 27.2 million KCAL/year.

For the case of cassavawhere the country is faced with the surplus production
every year, the House Committee on Energy in 1995, commissioned a study to use
Cassava chips and pulverised cassava as solid fuels for chain-stokered furnaces
and burners respectively. It has been found that cassava as a solid fuel, has a

much better combustion quality than the country's traditional lignites. The
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only drawback is that it is more expensive to fire cassava than
lignites and hence presently, is uneconomical to use as energy source for the

electricity generation.

4.2 Energy from municipal wastes. Bangkok generates its municipal wastes of
about 6,000 tons per day (t/d) as against 200 t/d in Chiangmai and Haad vaj ang
100 - 199 t/4 in Pattaya, Ubonraj thani, Udornthani, KhonKaen, Nakorn
Srithammaraj and Phuket. By average, these municipal wastes register a calorifi,
value of 1,160 KCAL/Kg. The first power plant utilising municipal wastes as fuel
was supposed to be installed at Hang Dong, Chiang mai but owing to resistancekw

the villagers, & new site must be selected.

4.3 Energy from alcoholic fermentation. With financial support provided by

NEDO, The Japan Bioindustry Association and Thailand’s DEDP have recently
completed an experimental investigation involving development of a bio-technologic
process to produce alcohel from cassava. Even at the ideal, lowest cassava price
of U.S.$. 22/ton which is unlikely to be accepted by cassava growers, the cost

of production is U.S.$. 0.40/litre, rendering alcohol from cassava more expensive

than the petroleum-derived fuel oils.

4.4 Energy from Wind. Thailand is unfortunate. to be situated in a geographical
area where the wind speed, by an average of 4 m/s, is classified as low for use
with wind-turbine generating sets. The Electricity Generating Authority of
Thailand (EGAT) has long been experimenting with wind turbines for power
generation. The site at Phuket island, with an average wind relocity of 5 m/s,
has been installed with wind turbines whose electricity generating capacities
varies from the smallest 0.83 kwe to the largest 18.5 kwe. The total combined
capacity of 42.33 kwe has been installed and connected to EGAT's national grid.
There is no further development being planned for using wind turbines in a

larger scale.

4.4 Energy from the Sun. Three interest groups are considered involvled in solar
PhotoVoltaic Conversion System (PV) in Thailand. These are users, local

manufacturers/distributors and academic institutions, know as a photovaltaic
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rking group. The group has been set up under the National Rosearch Council to
worh-~

help promoting a meaningful realization of PV technology in Thailand. The

following table shows the PV status in Thailand where a total of 1,986 kw have

peen installed. Ninety eight percent of which are for traditional small lighting,
e

wsater pumping and radio communication in remote areas not yet served by distribution

The remaining two percent are for grid connected experiment.

grido
Table 1. PV Status in Thailand
USERS PEAK KILOWATT (kWp) INSTALLED
APPLICATIONS Ul EG\AT MOH { MOE | MOIN |MOD jMOI DEDP PEA TOT VH ETC
WATER PUMPING 3 150 | 347
STAND-ALONE ELECTRICITY 160 10
FOR REMOTE VILLAGE
BATTERY CHARGING STATION 2 536 | 222
TELECOMMUNICATION REPEATER 8 10 312 30
REMOTE PRIMARY SCHOOL 65
REMOTE HEALTH CARE 6 10 5
HYBRID/GRID INTERFACE 44
NAVIGATION AID 8 10
MISCELLANEOUS : TV., LIGHTING 8 10 15 15
AQUARIUM FARMING, ETC.
TOTAL 13 70 6 65 15 160 | 883 | 222 160 | 312 10 70
GRAND TOTAL 1986
U&l = UNIVERSITY AND INSTITUE DEDP = DEPARTMENT OF ENERGY DEVELOPMENT
EGAT = ELECTRICITY GENERATING AUTHORITY AND PROMOTION (FORMER : NEA)
OF THAILAND . PEA = PROVINCIAL ELECTRICITY AUTHORITY
MOH = MINISTRY OF HEALTH TOT =  TELEPHONE ORGANIZATION OF THAILAND
MOE = MINISTRY OF EDUCATION VH =  VOLUNTEER HEALTH CARE
MOIN =  MINISTRY OF INDUSTRY MISSION UNDER THE PATRONAGE
MOD = MINISTRY OF DEFENSE OF THE KING’S MOTHER
MO =  MINISTRY OF INTERIOR ETC =  OTHERS INCLUDING PRIVATE SECTOR
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1- BV 20 kW at Klong Chong Klum Hybrid with 20 ki Hydro,Grid Connected

2- PV 14 kW at San Kampaeng, Gred Connected

3- PV 8 kW at Phuket Hybrid with 42 kW WTGs, Grid Connected

4- PV Roof-Top 2.5 kW at San Kampaeng, Grid Connected

Figure EGAT's PV Grid Connected Demonsiy.atiocn Projects
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pv is already competitive for some small applications like lighting, television
and water pumping etc. in remote area. During the next several years, PV will
pe more acceptable in those remote communities which cannot be served by the
yural electrification program. Should PV price continue to drop and its
efficiency increased, and if the matters of energy situation and environment
impact become to cause more concern (which is the likely trend), the wide-~
spread use of individual Roof-Top PV or even the central station grid connected
version in some areas may become feasible by the turn of this century. Moreover,
it is envisaged that Indochinese countries will increase their installation of
pv facilities by foreign assistance. Thailand based export of PV panels to
these countries should be expected. And it is hoped that this will help, in

a small way, to promote PV industry in Thailand.
5. Conclusion.

Renewables such as agricultural and forestry wastes namely fire woods, charcoal,
paddy husks, corn cobs, baggasse and animal wastes have seen used widely in
rural households and small industries in rural areas. It is envisaged that
Thailand will increase the role of renewables in the country's plan for energy
mix in the near future. PV has a promising outlook as it is already competitive

for some small applications like lighting, television and water pumping etc.
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JATF Annual Conference 1997
Session 2 - Managing Waste Products from Energy
Keynote Address

ENERGY ENVIRONMENT AND WASTE
(Or George Marsh, Manager for Energy and Environmental Strategy, ETSU, AEA

Technology, UK)

ABSTRACT

This paper aims to give context to the debate on waste management in the energy sector by
examining the range of wastes stemming from economic activities and their impacts on society (e.g.
public health, social amenity) and the natural environment. To achieve this a broad definition has
been adopted for waste to include emissions to the atmosphere and biosphere as well as solid waste
products. Starting with a brief comparison of the quantities of waste produced from the energy
sector and other industrial areas, the paper goes on to examine the nature of the wastes atising from
different electnicity generation fuel cycles. The impacts on society and the environment, caused by
these wastes are reviewed, and methods for quantifying the damage in monetary terms are discussed.
Finally the results of recent studies of external costs are used to discuss the significance of different
waste streams.

In terms of mass the energy sector is an important, but not dominant, source of solid waste. For
example OECD reports that in 1993 the Japanese energy sector produced 57M tonnes of waste
compared to 144M tonnes from manufacturing industry and 35M tonnes from mining and quarrying.
In contrast the Japanese nuclear sector produced only 876 tonnes of spent fuel. The energy sector
is, however, a dominant source of atmospheric pollutants (i.e. SO,, NO,, particulates, etc.) and
greenhouse gases. However, quantity of waste is not significant in its own right, it is the impact of
these waste streams on society and the environment which is important.

When considering the social and environmental impacts of electricity generation, i} is essential to
examine the wastes produced over the full fuel cycle (i.e. primary extraction, transportation,
preparation, conversion and transmission). Important impacts arising from these include public
health, occupational health, occupational accidents, noise, visual intrusion and damage due to
atmospheric pollutants (e.g. agriculture, forestry, ecosystems, fisheries, materials); Examples, drawn
from the European Commission’s ExternE Project, are described for impact studies of coal, lignite,
oil, gas and nuclear power generation fuel cycles.

Finally, estimates of the external costs associated with the various impacts of the fuel cycles are
reported. These are drawn from the ExternE Project, and also recent studies directed specifically at
global warming. Although preliminary in nature, and involving a significant rangeiof uncertainty,
these results give useful indications of the causes and relative magnitudes of the key impacts of the
different power generation fuel cycles. The significance of nuclear waste in comparison to other
emissions. from the nuclear and fossil fuel cycles is discussed.
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JAIF Annual Conference 1997
Session 2 - Managing Waste Products from Energy

ENERGY ENVIRONMENT AND WASTES
(Dr George Marsh, Energy and Environmental Strategy, ETSU, UK)

ABSTRACT

This paper aims to give context to the debate on waste management in the energy sector by
examining the range of wastes stemming from economic activities and their impacts on society ang
the natural environment. To achieve this a broad definition has been adopted for waste to include
emissions to the atmosphere and biosphere as well as solid waste. Starting with a brief comparison
of the quantities of waste produced from the energy sector and other industrial areas, the paper goes
on to examine the nature of the wastes arising from different electricity generation fuel cycles. The
impacts on society and the environment, caused by these wastes, are reviewed, and methods for
quantifying the damage in monetary terms are discussed. Finally the results of recent studies of
external costs are used to discuss the significance of different waste streams.

1. INTRODUCTION

Most forms of economic activity lead to the generation of waste. This is illustrated by data from
OECD™ which lists the large quantities of solid waste arising from different economic sectors across
a range of member states (Table 1). On current trends waste production is set to increase further, as
the developed economies continue to grow and developing countries undergo rapid expansion.
This represents a major challenge to the global aim of moving to a more sustainable pattern of
development. Waste streams constitute a significant loss of resources which could be re-cycled or
used for other purposes (e.g. incineration for energy production).

Also on the theme of sustainable development, wastes may have negative impacts on society and
the environment. For example the effects of air or water pollution on health, buildings, crops,
forests and natural eco-systems; or reduced amenity from visual intrusion or emissions of noise.
Such impacts may result from solid wastes, if these are not managed effectively, and also from the
direct release of wastes (pollutants) to the atmosphere or biosphere. It is most meaningful to
consider the impacts of a particular industrial area or process in an integrated manner, taking
account of the effects of solid, liquid and gaseous wastes, rather than examining each in isolation.
This is the approach taken in this paper.

With regard to the energy sector, Table 1 shows this to be an important source of solid waste. It is
also the major source of atmospheric pollutants, including CO,, NO,, SO, and particulates. Tables
2 and 3 illustrate this for CO, and SO, emissions.”

Focusing on electrical power generation technologies, the waste emissions from these vary
considerably depending on the fuel cycle involved. For example coal fired generation produces
appreciable quantities of both solid and gaseous wastes, whereas gas fired generation produces much
less solid waste, as well as negligible emissions of SO,. Moreover, waste emissions may occur at
different stages in the fuel cycles of alternative generation technologies. By example the solid waste
from nuclear power generation mainly arises in the extraction and processing of uranium or in the
processing of spent fuel. In contrast the emissions from renewable energy sources are mainly linked
to the fossil energy used in their manufacture.

Consequently, in comparing the waste emissions from different power generation cycles, it is

necessary to examine the full fuel (or life) cycle of each technology. Several detailed studies of this
. 2,3,4

kind have been made.®""
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While life cycle studies will yield firm data on the waste emissions from different power generation
rechnologies, this alone does not provide a basis for comparing their social and environmental
impacts. This is because different wastes have different impacts, and the impacts themselves (e.g.
health effects, crop damage, etc) are extremely variable in nature. In recent years considerable
effort has been directed at the development of a consistent framework for the comparison of fuel
cycleS based upon estimates of their external costs. External costs are evaluations of the impacts on
society and the environment caused by waste emissions. They are termed ‘external’ because these
costs are not included in the market price of the electricity.

This paper aims to provide context to the debate on waste management in the energy sector by
describing the results of a series of external costing studies. It begins by giving a brief review of the
methodology for evaluating external costs and then outlines the results of studies of the coal, lignite,
oil, gas, nuclear (PWR), wind and hydro power generation cycles. A separate discussion is given of
the complex issue of global warming, and the paper concludes with a discussion of the most
significant waste streams.

2. METHODOLOGY

External costs may be estimated by assessing the impact or damage caused or by evaluating the cost
of abating the pollutants responsible for the damage. This paper concentrates on the damage
assessment approach, which has been developed and ap(plied to a range of electricity fuel cycles
through the European Commission’s ExternE Project. ) The term ‘fuel cycle’ refers to the chain
of processes involved in the generation of electricity from a particular fuel. Thus, as mentioned
above, the assessment of the coal cycle should include impacts associated with plant construction,
coal extraction, transport of coal and solid wastes and electricity transmission, as well as electricity
generation itself.

The ExternE Project has developed a ‘bottom-up’ approach in which each stage in the fuel cycle is
examined separately. Of course each stage may impose more than one burden on the environment
(e.g. coal extraction results in gaseous emissions, particulates and water discharges in addition to
solid waste), and indeed some burdens may have more than one impact (e.g. SO, emissions affect
buildings, crops, forestry, natural eco-systems, etc). Consequently the approach leads to a large
array of burdens/emissions and associated impacts. It is necessary therefore to make an initial
assessment of the main burdens and impacts before going on to evaluate these quantitatively.

The estimation of the external cost associated with a particular burden/impact combination is made
through the ‘impact pathway’ approach. An example of this approach is illustrated in Figure 1.

The novel stages in this approach are the development of dose/response functions to assess the
impacts, and monetary valuation methods to convert the impacts into external costs. It will be
appreciated that detailed data drawn from a multi-disciplinary team is essential to implement this
approach. In particular input is needed on:

® Technological performance and emissions data;

® Legal framework governing emissions, health and safety, etc;

e Specification of fuel used,;

® Meteorological conditions affecting dispersion of atmospheric pollutants;

® Hydrological and geological conditions;

® Demographic data;

® Definition and condition of ecological sources;

® Definition of the value systems of individuals which determine the valuation of non-marketed
goods (i.e. externalities).
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Valuation of the impacts varies depending upon the nature of the damage done. When the impagy
affects a traded good such as agricultural crops or repairs to buildings, market prices can be Obtained,
When the impact affects non-traded items (e.g. natural eco-systems, visual intrusion, etc) eXpressed
preference valuations are adopted.

It will be noted that the data, and consequently the results of this approach, are plant and location
specific. To extend the approach to develop a marginal cost relationship for new power plant
requires its application to a broader range of sites. This is part of the on-going work of ExternE,
However, for present purposes it is sufficient to report the results from a series of site specific
investigations.

3. RESULTS

The ExternE Project has considered the external costs from the following electricity generation fue]
cycles:

o Fossil fuels (coal, lignite, oil and gas);
e Nuclear (PWR);
e Renewables (wind, hydropower).

3.1 Fossil Fuel Cycles for Electricity Generation
To date ExternE has produced preliminary results for case studies covering:

e hard coal power generation plants situated at West Burton (UK) and Lauffen (Germany);
e lignite power generation plant at Grevenbroich (Germany);

e two different oil power generation plant at Lauffen (Germanyy);

e natural gas power generation at West Burton (UK).

Note that these studies are based upon possible plants located at these sites, rather than existing

plants. The generation technologies considered are typical choices for the relevant fuels in Europe
in 1990. The coal and lignite plants use steam turbines with flue gas desulphurisation; the oil plant
are gas turbines (GT) for light oil and combined cycle plant (CCGT) for heavy oil, and gas also uses

combined cycle technology. Domestic sources of fuels were assumed for all cases.

Table 4 sumunarises the results for these fuel cycles, excluding global warming, which is discussed
separately below. The levels of uncertainty on some costs are quite high, particularly for the larger
damages, however, the relative results for different fuel cycles are reasonably robust.

The largest quantified impacts are on public health. These arise mainly from atmospheric emissions
including primary and secondary particulates, SO, and O3, most of which arise from the generation
plant itself. Within this group the dominant impact was motility due to particulates, which
accounts for 75% of the value in Table 4. However, this estimate is subject to particular
uncertainty relating to two assumptions made in the estimation. Firstly it was assumed that there is
no threshold below which fine particulates have no effect on health; secondly the full value of
statistical life was applied to all deaths. The latter takes no account of the period of life lost, or the
quality of that life. This is particularly important because these deaths are mainly amongst
chronically sick people.

Other significant damage categories are Occupational Health (diseases and accidents) and materials
damage. The former relates to accidents and routine exposure to hazardous substances, noise and
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hysical and mental stress. Not surprisingly it is greatest with d?ep coal rmnmg througl.l accidents
.nd exposure to air pollutants including dust and radon. Material damage is caused mainly by acid
ernissions. The values presented are based on the cost of repair to utilitarian buildings, with no
Jllowance for aesthetic effects on historic buildings. In this sense the estimate may be an under-
yaluation. Impacts which have not been analysed due to their complexity and a lack of data are
those concerned with natural eco-systems and fisheries.

3.2 Nuclear Fuel Cycle

The fuel cycle studied was the use of enriched uranium in a pressurised water reactor (PWR), with
subsequent fuel reprocessing. All stages of the fuel cycle were located in France and included
mining and milling of uranium, conversion to uranium tetrafluoride, enrichment, reactor
irradiation, reprocessing, waste treatment and disposal. Disposal of low and intermediate level
waste was to existing French facilities whilst vitrified high level waste was to be deposited in a
hypothetical location.

The ExternE Project has focused on the impacts arising from normal operation. The emphasis has
been on radiological human health effects resulting from exposure to radioactivity, considering
both the public and employees. Eco-system impacts have not been examined because these were
considered to be of low priority during normal operation.

Nuclear fuel cycle impacts are particularly complex because they have a wide spatial range and
rimescales. Consequently the results have been divided into local, regional and global, and classified
as short-term (< 1 year), medium-term (1-100 years) and long-term (100-100,000 years).

The undiscounted results of this study are presented in Table 5. Without discounting for the
timing of impacts, public health effects account for 94% of the 0.35 Yen/kWh estimated costs. The
remaining 6% is occupational impacts, which are essentially non-radiological accident injuries.

There are some particularly complex issues to be considered when applying these results:

o Firstly the applicable discount rate is crucial since it will be noted from the table that 80% of the
external costs arise over the long-term. With a discount rate of 3% the external costs are
reduced to ~0.01 Yen/kWh. Moreover the main contributor to these costs ceases to be
reprocessing and becomes the short-term areas of reactor construction, reactor operation and
uranium mining and milling.

e 91% of the non-discounted costs are due to global impacts. This arises through the methodology
which sums very small doses over 100,000 years and across a world population. The usefulness
of monetary valuation of this type of impact assessment needs further consideration.

Not withstanding these issues the results are useful, on a comparative basis, to show the significance
of the waste streams arising from the fuel cycle. Neither low/intermediate or high level wastes
make a significant contribution to external costs. This reflects the design performance of both the
waste forms and the planned storage and disposal conditions.

It should be noted that the study has not considered the potential impacts of releases from accident

conditions, nor has it considered deliberate damage to facilities or malicious use of nuclear
materials. Clearly these represent major issues for the nuclear fuel cycle.
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3.3 Renewable Energy Souzces

To date the ExternE Project has studied the wind and hydro fuel cycles. Wind farms have beep
assessed at two locations in the UK a small development at Delabole in south-west England ang a
large project of over 100 turbines on open moorland in Central Wales. The study of the hydro-
cycle covered two contrasting projects; a major extension (500 MW) to an existing hydropowey
scheme in south-west Norway and a small scale (20 MW) system on the La Creuse river in centry]
France.

Results from these studies are summarised in Table 6. The major impacts of the fuel cycles are o
human amenity - noise, visual effects and impacts on recreation. Valuations are highly site specific
and targeted studies have been implemented to do this for the Norwegian and French hydropower
sites. The UK studies used results from other locations, which increases the potential uncertainty
over the results.

With the exception of human amenity the other significant externalities of renewables are linked to
their manufacture and construction. This accounts for the comments in Table 6 on acidic emissions
and greenhouse gas releases.

4. GLOBAL WARMING

The methodology for evaluation of the external costs of global warming is less advanced than for
other impacts, and presents a range of key problems:

e the climate models for estimating the magnitude of global warming have advanced considerably
in the last decade, but there is still a significant range of uncertainty over the size of the warming
effect;

e estimations of the impacts of climate change (e.g. agriculture, water resources, biodiversity,
coastal protection, etc) are subject to great uncertainty;

e the release of greenhouse gases and the impact of climate change is temporally separated, and the
impact persists for many years;

o the extent of greenhouse gas releases is dependent on the future global path for economic and
social development. For example the future could follow a ‘business as usual’ pattern or a more
interventionist approach may be followed aimed at reducing greenhouse gas releases;

e the value placed upon both traded and non-traded goods will depend upon future economic
development. For example the value placed on biodiversity is likely to be higher in an
interventionist future driven by concerns over the environment and a desire for sustainable
development;

o the marginal impact cost of greenhouse gas emissions from a new power plant will depend on
the plants emission per kWh generated, and upon the future scenario in which it operates. Thus
a coal plant without CO, sequestration, operating in a future with low CO, emissions, will have
a lower impact cost than if it was operating in a future with higher emissions;

e because the impacts of global warming are time dependent the issue of discount rate is crucial to
the valuation of the impacts. The appropriate discount rate to be applied is subject to much

debate.
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Detailed discussion of these major issues is beyond the scope of this paper. Needless to say, because
of these complexities and the shortage of appropriate data, any estimates of the external costs of
articular fuel cycles are subject to considerable uncertainty. Howe\éer, some recent estimates from
2 study sponsored by the IEA’s Greenhouse Gas R&D Programme(1 ) facilitate comparison with the
other external costs reported in this paper. This study has implemented a bottom-up approach,
considering individual impacts on a regional basis, to build up an aggregate estimation. These are
jisted in Table 7. The scenarios consider two possible futures, ‘non-intervention’ is essentially
trends continued while ‘intervention’ considers some positive action to reduce greenhouse gas
emissions. The three estimates given for each technology are an attempt to give high, low and
median values for each step in the analysis of individual impacts and costs. The high and low values
have no statistical significance, but represent an attempt to indicate the range of uncertainty in the

costs.

The range of costs reported reflects the range of uncertainty still attaching to the estimation of
climate change impacts and their costs. However, it should be noted that the median values, which
represent current ‘best estimates’ are comparable in magnitude to the other external costs reported
previously. The negative values represent situations where there is an estimated positive benefit
from global warming. This arises when the benefits in terms of energy saving (reduced heating)
outweigh the negative impacts. The median values are also reasonably in line with previous
estimations of climate change impacts.(n'm)

No attempt has been made to calculate the external costs of climate change attributable to the
nuclear and renewables fuel cycles. However, these will be substantially less than those reported
above, since these cycles give no direct emissions of greenhouse gases.

5. DISCUSSION AND CONCLUSION

This paper has set out to give context to the debate on waste management and the environmental
and social impacts of energy supply and utilisation. To do this on a consistent and comparable basis
it has described the concept and approach to the costing of external impacts, and reported the
results of recent studies. These have covered fossil, nuclear and renewable fuel cycles, and impacts
affecting environmental and social factors. The paper has drawn heavily on the ExternE study
which 1s sponsored by Directorate General XII of the European Commission. Costings of the
specific impacts of climate change have been drawn from work of the IEA’s Greenhouse Gas R&D
Programme.

Setting aside climate change, the costing results have shown the coal and oil fuel cycles to have
external costs of 1-2 Yen/kWh. Gas fuel cycle costs are about an order of magnitude less than this.
Nuclear fuel cycle costs are also lower at about 0.3 Yen/kWh, and would be even less if some
discounting was applied to the long-term global impacts. Not surprisingly the external costs of
renewable energy fuel cycles are relatively low 0.1-0.3 Yen/kWh, and are mainly linked to social

impacts (i.e. noise, visual intrusion, etc) rather than environmental impacts.

With regard to climate change, all the fuel cycles contribute to some extent on a life cycle basis.
This is because some fossil energy is consumed in the manufacture of nuclear and renewable plant.
However, the impact attributable to fossil cycles is substantially higher. The external costs of
climate change are subject to the greatest uncertainty, but best current estimates suggest this should
be of the order of 0.3-1.0 Yen/kWh for natural gas power generation and 0.6-1.7 Yen/kWh for

coal.

It is noteworthy that for all the fuel cycles reviewed, solid waste has not figured as a major source of
environmental or social impact. This is probably because most of this waste is well managed in the
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energy sector. Indeed some wastes (e.g. power station ash) have market worth for use as building
or road construction materials. It could be argued that the potential impacts of solid waste arising
from power generation fuel cycles have been avoided by good management practice. In other
words the potential impact costs have been ‘internalised’.

One final observation is that the nuclear fuel cycle external costs were calculated on the basis of
normal operation. Clearly accident conditions could lead to much higher external costs. It mighe
be argued that the present public resistance to nuclear, including waste management and disposal s
linked to a perception that safety is not so great as is indicated by engineering analysis. In other
words public perception of the external costs is greater than analytical estimates indicate. Since
external costs are fundamentally linked to the social values placed on non-traded goods, these
‘perceived external costs’ may well be a true reflection of the costs which the public attribute to
nuclear fuel cycle operations; in terms of anxiety for example. The corollary is that the perceived
costs can be reduced if ways can be found to reduce this anxiety.
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Figure 1

The Impact Pathway Approach to Estimating External Costs
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Table 1

SOURCES OF SOLID WASTE IN 1990 (Ref 1)

(k tonnes/year)

- fe i E
JAPAN 77,390 34,000 150,388 54,983
USA* 165,821 1,541,850 760,000 1,093,039
FRANCE 400,000 75,000 50,000 N/R
GERMANY** N/R 17,787 79,834 29,858
UK 80,000 108,000 56,000 13,000
* 1985 data
ok West Germany only
N/R. Notreported

Table 2
SOURCES OF CO, EMISSIONS IN 1993 (Ref 1)
(m tonnes/year) :
Transport Tranf?oe:ri);tion Industry Other
JAPAN 244 384 297 170
USA 1490 2128 694 727
FRANCE 133 41 86 109
GERMANY 185 370 153 207
UK 139 203 82 125
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Table 3

SOURCES OF ATMOSPHERIC EMISSIONS OF SOy IN 1992 (Ref 1)
(k tonnes/year)

Transport | G ion | Combustion | Prosemes | Other
JAPANY* 199 192 425 N/R 60
USA 958 14,371 3337 1919 37
FRANCE 155 330 250 182 304
GERMANY 96 2913 541 N/R 346
UK 118 2428 734 19 195
* 1989 data
N/R = not reported
Table 4
ESTIMATES OF EXTERNAL COST FOR FOSSIL FUEL CYCLES
(Yen/kWh)
Damage Category Coal Lignite 0il (D) Gas
(UK) (D) (D) GT CCGT (UK)
Public Health 0.6 1.8 1.4 1.6 1.4 0.1
Occupational Health
- diseases 0.01 0.04 NQ NQ NQ NQ
- accidents 0.1 0.3 0.01 0.07 0.04 0.01
Agriculture 0.004 0.003 0.003 0.006 0.003 NQ
Timber 0.0006 | 0.001 0.0006 0.002 0.001 Neg
Marine eco-systems Neg Neg Neg 0.03 0.03 0.0001
Materials 0.1 0.03 0.01 0.04 0.03 0.008
Noise 0.03 NQ NQ NQ NQ 0.004

NQ
Neg.

= not quantified
negligible

]
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Table 5

ESTIMATES OF THE EXTERNAL COSTS FOR A PWR BASED

NUCLEAR FUEL CYCLE
(m Yen/kWh)
RANGE TIMESCALE
Short Medium Long
Local
Mining 1 4 0.04
Conversion 0.08 0.04 6x10™
™ Enrichment 0.1 10 4x10™
Fabrication 0.1 0.1 Neg.
Construction 4 0 0
Generation 1 7 Neg.
Decomm. 0 3 0
Reprocessing 0.4 0.04 4x10”
T LLW disposal 0 3x10” 3x10™
HLW disposal 0 Neg. 4
Transport 0.06 0.06 0
Sub Total 10 14 4
Regional
Mining 0 3 0.03
Conversion 0 Neg 3x10™
Enrichment 0 Neg. 1x107
Fabrication 0 3x10™ Neg.
Construction 0 0 0
Generation 0 0.4 Neg.
Decomm. 0 0 0
Reprocessing 0 1 0.3
LLW disposal 0 0 0
HLW disposal 0 0 0
Transport 0 0 0
Sub Total 0 4 0.3
| Global
Mining 0 0.003 0
Conversion 0 Neg. 0
Enrichment 0 Neg. 0
| Fabrication 0 Neg. 0
Construction 0 0 0
Generation 0 4 42
Decomm. 0 0 0
Reprocessing 0 28 282
LLW disposal 0 0.01 0.7
HLW disposal 0 0 0
Transportation 0 0 0
Sub Total 0 32 324

Neg. = <10™ mYen/kWh
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Table 6

ESTIMATES OF THE EXTERNAL COSTS OF RENEWABLE ENERGY

FUEL CYCLES
(mYen/kWh)
Damage Wind Turbines Hydropower
Category
S-W England C. Wales Norway France
\
Noise 141 10 Neg. Neg.
Visual Amenity NQ NQ 282%* NQ
Acidic Emissions 8% of coal fuel cycle NQ NQ
Greenhouse Gas 1% of coal fuel cycle NQ NQ
Emissions
Public Accidents 13 13 NQ NQ
Occupational 42 42 Neg 7
Accidents
Eco-system Neg Neg 282% NQ
Impacts
Agricultural Neg Neg 1 Neg
Impacts
Forestry Impacts 0 0 Neg Neg
Impacts on Water 0 0 1 NQ
Supply
Recreational NQ NQ 282% NQ
Impacts
TOTAL 196 65 282 NQ

* Aggregate value for visual amenity, eco-system impacts and recreational impacts

NQ = not quantified

Neg. = Negligible
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Table 7

ESTIMATES OF THE EXTERNAL COSTS OF CLIMATE FOR
PARTICULAR POWER GENERATION TECHNOLOGIES

(Yen/kWh)
FUEL CYCLE SCENARIO
Intervention Non-Intervention

Natural Gas (CCGT)

High 33 67

Median 0.36 1

Low -0.007 0.003
Coal (PF+FGD)

High 55 113

Median 0.6 1.7

Low -0.01 0.005

* Zero discount rate
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MANAGING WASTES: A PERSPECTIVE FROM THE UNITED KINGDOM

M Folger
Managing Director
UK Nirex

In the UK, work on deep disposal since 1987 has emphasised the importance of a clear
division of responsibilities between the waste agency, waste producers, safety regulators
and government. Another necessary condition for securing a measure of acceptance from
the scientific community and other stakeholders has been open publication of scientific
studies and preliminary post-closure safety assessments of candidate sites for a

repository.

These factors have been essential but do not guarantee success in building and sustaining
public acceptance. A pro-active policy in explaining developments in lay terms, from local
level upwards, is essential to counter critics who tend to distort particular uncertainties

and issues out of context and out of proportion.

Nirex work since 1987 to identify a potential repository site is described, with a summary

of promise in terms of post-closure safety.

The Nirex disposal concept - containment based on multiple physical, chemical and
natural barriers - is explained, together with the structure of a client-driven approach to

managing the necessary geological and safety studies.

An extensive programme of deep borehole drilling and geophysical testing has established
the good promise of a preferred candidate site near Sellafield in North-West England. The
geological and hydrogeological characterisation of the saturated hard rock setting are an
intensive public inquiry process which ran from September 1995 to February 1996. The
interactive structure "of the forward programme of modelling and data analysis are
described, together with the role of the proposed Rock Characterisation Facility at
Sellafield. The focus is on progressively firmer assessment of post-closure risk to

individuals.
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The 30th JAIF Annual Conference
8-11 April, 1997
Managing Wastes: A Perspective from the United Kingdom

Michael Folger, Chief Executive UK Nirex Ltd.

Introduction

Nirex has worked since 1987 to secure understanding and acceptance of the UK programme
for deep disposal of radioactive waste. No country has found this task easy and despite our

most recent setback, we continue to see two key disposal policy requirements:

- first, a clear separation of the responsibilities between the safety regulators, the
waste producers and the waste disposer - under a clear Government waste

management policy;

 second is the necessity for openness and independent peer review of the scientific
conclusions which are safety critical. Nirex's 1995 publication of a preliminary
safety assessment of a potential repository site in saturated hard rock - at Sellafield -
was a world first and between 1988 and 1997 we have also published over 500

supporting technical reports.

Despite our planned rock laboratory falling foul of the "planning" law - what our American
friends would call "zoning" law - we must continue to seek a permanent solution. That has
been the key strand of media and political comment since the decision announced on

17 March. Waste producers require this for their waste and sustainable development requires

us not to leave the problem for our grandchildren.

Nirex as implementor is responsible for repository development, including site selection and
the preparation of safety cases. However, the nuclear industry - the main source of the wastes
- has representation on our Board. Waste producer involvement is important so that they
retain full confidence and understanding of the programme. With strong regulators applying
checks and balances, that important feature can be secured without prejudicing the safety of
disposal. The over-riding need is for public confidence and a necessary condition for that is

waste producers' confidence.
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Whilst a clear framework of responsibilities and a policy of openness are essential, they are not
sufficient to ensure acceptance by the public. In the UK as elsewhere, the implementor must
play a pro-active role in communicating with potential host communities, the academic
community and other influencers or stakeholders. Of course, some of these groups have their
own agendas, and too often their response to our efforts is to pick up every loose-end and
blow it out of context. In that way they unnerve the public and politicians alike. But our stance
can only be to build an honest position from which we can counter over-simplifications of

complex issues. The resources and energy required for pro-active relationships is substantial.
Site Selection

Site selection for the UK deep repository commenced in 1987 and followed the three stage

approach recommended by the International Atomic Energy Agency (Ref. 1):
(1) Regional Evaluation,
(2) Site Identification and
(3) Site Confirmation.

The first step in 1987 was a national public consultation exercise involving distribution of
50,000 copies of a report discussing issues relating to repository site selection (Ref. 2). This

led to 2,500 responses which were used to influence the site selection approach.

Thirty per cent. of the land mass of the UK was identified as having characteristics favourable
for a repository. Subsequently, 500 individual sites were identified and further reduced by
consideration of population density and environmental sensitivity. A short-list of 12 options
was then developed through a sequential sieving process in which expert advice was taken at
each stage. Key factors in the process were the potential of the hydrogeological setting of each

site, land ownership, waste transport and cost.

In 1989 the Nirex Board decided that we should investigate two sites, at Sellafield in Cumbria
and at Dounreay in Caithness, Scotland. A factor in the decision was that both are adjacent to
existing nuclear facilities and the local authorities and public showed a degree of
understanding and support for nuclear activities. Other countries have sited repositories in

such contexts or are considering doing so.

In 1991, following initial surveys and borehole drilling at the two sites, it was decided to

concentrate further investigations at Sellafield. Whilst both sites had the potential to support
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an acceptable post-closure safety case, Sellafield has the advantage that some 60% of the

wastes will arise there, and hence there would be significant savings in transport costs,
The Nirex Repository Concept

In common with other disposal agencies internationally, the Nirex disposal concept uses 3
multi-barrier containment system (Figure 1). Vaults, capable of taking something like
200,000m’ of long-lived waste, would be excavated at depth in a stable geological setting. The
wastes would be packaged in steel or concrete containers and be placed in the vaults which

would then be backfilled with a cement-based material.

The concept makes use of both engineered (physical and chemical) and natural (geological)

barriers:

 Physical barrier - the containers and grouts in which the wastes are packaged.
Research indicates that a very high level of physical containment should be
maintained for at least one thousand years, during which period around 99% of

the radioactivity would decay.

* Chemical barrier - a cement-based backfill around the waste packages. It acts
by conditioning groundwater to a high pH. It will operate for a period of at least
1 million years during which time 99% of the residual 1% of radioactivity will

decay.

¢ Natural barrier - the geological setting - chosen to be stable and to have little

natural resource potential.

Two of the key requirements of the geological setting, which dominate current risk

calculations, are:
e to ensure that there are low flows of groundwater through the repository; and

* to ensure sufficient dilution of those very long-lived residual radionuclides that
are eventually released from the repository, in order to limit concentrations in

groundwater reaching the surface.
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Science Programme
The scientific programme comprises three main components:

° research on the near field, engineered barriers and radionuclide transport

processes in the geosphere and biosphere;
. site characterisation; and
° post-closure safety assessments.

The research programme on the near field has reached a mature stage and by 1999 it is
intended that most aspects will have been completed, sufficient confidence having been gained
in our understanding and models (Ref. 3). An extensive programme of research into the
corrosion of steel containers indicates effective container lifetimes of between 9,000 to 16,000

years.

In respect of the chemical barrier, a sound database and associated modelling capability has
been developed on the chemical performance of the backfill and consequent solubilities and
sorption behaviour of radionuclides. Work to date indicates that the backfill should condition
groundwater to a pH greater than 10 for a period well in excess of one million years which is

sufficient to reduce substantially the solubilities of many key radionuclides.

Since 1989 an intensive programme of site characterisation for the repository at Sellafield has
been carried out. Twenty seven deep boreholes (to depths of up to 2,000m) have been drilled
and tested, complemented by over 10,000km of geophysical surveys (Figure 2).

The Sellafield repository concept envisaged the vaults to be at a depth of 750m in a low
permeability volcanic tuff: the Borrowdale Volcanic Group (BVG). This is overlain by
sedimentary rock, primarily more permeable sandstones. The groundwater system has three

main components or regimes as illustrated in Figure 3:

. a shallow fresh water occurring throughout the area within the 'Coastal Plain
Regime';
. a saline water occurring at depth towards the east of the area, within the

'Hills and Basement Regime' where the repository would be located; and

° a deep brine occurring at depth in the west of the area, within the East Irish

Sea Regime'.
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Hydrochemical testing suggests groundwater and solute ages in the BVG host rock of up tq
1.5 million years, broadly consistent with the low permeability indicated by hydrogeological
testing. By contrast, the Coastal Plain Regime is very active, flows being driven from high

ground in the east towards the sea to the west.

The site characterisation and research programmes provide the basis for assessment of the
post-closure safety performance of a repository. Development of confidence in that
assessment is an iterative process in which a series of 'assessment cycles' is implemented in

order to achieve confidence to underpin decisions on repository construction and operation.

The assessment cycles are a central driver of the Nirex programme. They provide an
important input to refinement of the repository concept and design. Also, understanding of
key safety sensitivities developed through the assessments enable the programme to be

focused cost-effectively on addressing the most important remaining uncertainties.

Probabilistic Safety Assessment calculations of annual post-closure radiological risk to an
individual are compared to the risk target of 10°. Figure 4 shows the expectation values of

risk over time for a repository at Sellafield as calculated in the Nirex 95' assessment cycle
(Ref. 4).

The calculations indicate that for the current, temperate climate groundwater discharge would
be predominately to the sea (the lowest risk curve in Figure 4). The substantial dilution
provided by the sea results in very low risks. For discharge to land (the top 3 curves), the

expectation risk curve lies below the risk target and has two characteristic peaks:

° an 'early’ peak, at around 20,000 years, due primarily to chlorine-36 which is not

retarded by the chemical barrier; and

. a long-term and broader peak, at times greater than one million years, due

primarily to the daughter products of uranium-238.

Wells, for domestic or agricultural purposes, can bypass some of the beneficial near-surface
dilution processes that apply to very long lived radionuclides and potentially lead to higher
risks than for the natural discharge pathway shown in Figure 4. This is a positive assessment,

though we needed the RCF to remove uncertainties in it.
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Programme Management

Individual elements of the scientific and technical programmes are managed by Nirex staff who
direct the programme to ensure a high quality of work and that programme objectives are met.
Results are assessed on a regular cycle to ensure focus on the issues which are most crucial to
bottom-line safety performance. Close estimation of the costs of activities permits costs and
benefits of different options to be examined. In managing the programme Nirex has therefore
developed a substantial expertise in the requirements of all aspects of radioactive waste
disposal: not only the scientific and technical aspects, but also the institutional and economic

areas too.

We are sharing that expertise, not only with our immediate neighbours in the European Union,

and Central and Eastern Europe, but also here in Asia and in Japan in particular.
Next Steps

The surface-based programme of site characterisation is scheduled for completion in 1997.
Our planned next step was the development of a Rock Characterisation Facility (RCF) at
Sellafield for in situ validation of models of the geology, hydrogeology and the transport and
geotechnical characteristics of the rocks (Ref. 5). However, following refusal of "planning”
permission for the RCF we have to re-evaluate our whole programme in consultation with
Government. The core problem for the RCF decision was a procedural one - with the
planning requirement looking for a higher degree of confidence from surface-based
investigations than we saw as feasible. The planning inspector praised the high quality of our

science work to date.

The waste will not go away. We still have a responsibility to dispose of Britain's radioactive
waste in a timely and cost-effective manner. We hope there is a way in which the procedural

issues can let us get on with that.
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Yoshihiko Sumi
The Kansai Electric Power Co., Inc

Global environmental problems, which are induced by wastes from humap
activities, may determine the fate of our planet and the survival of humanking.
In addressing the problem of waste, waste management should consist of three
steps:

1) reduction of the quantity of waste produced,
2) recycling or reuse of waste generated; and
3) safe disposal of waste which cannot be re-used.
It is also important that waste producers should be responsible for the reduction,
reuse and disposal of the waste.
Following this concept, let us consider the problem of waste in connection
with energy use.

Wastes arising specifically from energy production include carbon dioxide,
sulfur-oxides, nitrogen oxides, radioactive waste and waste heat. Among these,
continuous efforts are being made to reduce the emission of CO2, SOX and
NOX to mitigate global environmental problems such as global warming and
acid rain. Regarding the wastes unique to nuclear power, that is radioactive
wastes, it is extremely small amounts and compact volume and is technologically
controllable; this allows it to be safely managed and properly disposed.

In view of maintaining healthy environment as well as securing energy supply,
the consumption of fossil fuels cannot be allowed to increase limitlessly.
Therefore, conservation and more efficient use of energy in terms of energy
consumption and renewable energy and nuclear power in terms of energy supply
will become more and more important.

The above-mentioned three steps of waste management can be well applied to
nuclear power generation. Nuclear fuel recycling can be said to be the very
means that enables useful resources to be reused, and wastes to be properly
disposed. Namely, spent fuel reprocessing can separate uranium, plutonium and
fission products, and useful uranium and plutonium are reused as fuel and fission
products as high level radioactive waste are appropriately disposed.

In terms of waste management, nuclear power will play a more important role

in the next century and nuclear fuel recycling will make nuclear power a
sustainable energy resource.
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Radioactive Waste Management from the OECD Perspective

TAKAHASHI Makoto
Deputy Director for Safety and Regulation
OECD Nuclear Energy Agency

ABSTRACT

Various types of radioactive wastes are generated in nuclear facilities and suitable methods and
strategies have been developed for the safe management of wastes: treatment and conditioning
into stable forms, temporary storage awaiting disposal, controlled discharge into the environment
and disposal in near surface or underground repositories. A number of repositories for low and
medium level wastes are in operation and additional ones are planned in NEA Member countries,

Recent efforts have focused on geological disposal of high level waste and spent fuel, in view of
the growing volume of spent fuel under temporary storage and the return of vitrified high level
waste from the reprocessing of spent fuel.

Geological disposal programmes in NEA Member countries are at various stages: feasibility
study, site selection, site characterisation, development of underground laboratory, in-situ
experiments and development of repositories. Development of an underground laboratory is a
key step in realising geological disposal systems in order to demonstrate safety assessment models
and techniques.

The priority of the NEA waste management programme reflects the situation in Member
countries and that is the disposal of high level waste and spent fuel in geological formations. The
vitrification technology has been well developed and four vitrification plants are in operation in
NEA Member countries. The safety specifications of vitrified high level waste have been
approved by the national authorities concerned.

NEA is made up of 27 Member countries from Europe, North America and the Far East and they
share similar political and economical values but their social and cultural conditions are different.
Member countries’ political attitudes toward nuclear energy are also quite diversified. This
makes NEA a suitable forum to elaborate new ideas, to solve complex issues, and to develop
consensus opinions.
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Introduction

various types of radioactive waste are generated in nuclear facilities and suitable methods have
been developed for the safe management of wastes: treatment and conditioning into stable forms,
temporary storage awaiting disposal, controlled discharge into the environment and disposal in
near surface or underground repositories. A number of repositories for low and medium level
wastes are in operation and additional ones are planned in NEA Member countries.

Recent efforts have been focused on geological disposal of high level waste and/or spent fuel, in
view of the growing volume of spent fuel under temporary storage and the return of vitrified high
level waste from reprocessing of spent fuel. Vitrified high level waste and spent fuel are safely
stored in temporary storage facilities.

The priority of the NEA waste management programme reflects the situation in Member
countries and that is the disposal of high level waste and spent fuel in geological formations. The
vitrification technology has been well developed and several vitrification plants are in operation
in NEA Member countries. The safety specifications of such high level waste have been approved
by the national authorities concerned. Development of spent fuel encapsulation technology is
underway.

NEA is made up of 27 Member countries from Europe, North America and the Far East and they
share similar political and economical values but their social and cultural conditions are different.
Member countries’ political attitudes toward nuclear energy are also quite diversified. This
makes NEA a suitable forum to evaluate new concepts, to seek solutions for complex issues, and
to develop consensus opinions.

My presentation will focus on the disposal of high level waste and spent fuel in geological
formations. In some countries the term “long-term storage in geological formation” has been
used instead but the concepts are the same.

Overview of Geological Disposal Programmes

Geological disposal is not new. It was conceived and tried out at the onset of nuclear energy
programmes. However, past programmes developed various technical shortcomings and led to
undesirable levels of radioactive contamination in the environment. In NEA Member countries
the past programmes were abandoned. The shortcomings came from lack of knowledge,
technology and experience, and from bad planning.

The safety approach for geological disposal is very similar to the multi-barrier system for nuclear
facilities: immobilisation of radioactive nuclides in glass matrices, confinement in canister,
emplacement in repository with buffer materials and confinement in deep geological formation.
In the safety evaluation scenario it is assumed that the multi-barrier system will degrade its
integrity in the course of time and that radioactive nuclides will be transported into the geological
media and eventually reach the human environment. Since their transport in the media will take a

I-6—-3



27/3/97 12:12 PM

very long time, they will be allowed to decay to an unharmful level. This scenario is also the
same for all nuclear facilities but the main difference is a passive nature of safety system anpg
timescale. The scientific and technological challenge is, therefore, the capability to predict the
long-term integrity of the multi-barrier system.

For the last 20 years, NEA Member countries have carried out extensive research and
development programmes in this area. Geological disposal programmes in Member countries gre
at various stages: feasibility study, site selection, site characterisation, development of
underground laboratory, in-situ experiments and development of repositories. Work in
underground laboratories is a key step in the development of geological disposal systems in order
to demonstrate safety assessment models and techniques. Several national programmes have beey,
facing difficulties in the site selection stage.

The Yucca Mountain Project in the US is the most advanced: more than 90% of the main five
mile underground loop for the Exploratory Studies Facility has been completed. Following the
completion of a viability assessment of the site in 1998, a recommendation on the repository site
will be submitted to the President in 2001 and if the site is suitable a license application will be
submitted to the NRC in 2002 .

The Environmental and Ethical Basis of Geological Disposal

NEA has been a forum for sharing information and experience, strengthening scientific and
technological confidence in safety assessment through co-ordination of national programmes, and
sponsoring joint projects such as the Analogue Studies in the Alligator Rivers Region Project in
Australia and the Stripa Project in Sweden. As a result of these efforts, NEA has contributed to
developing technical and political positions. NEA has also, upon request, been conducting peer
reviews of national programmes in the field of geological disposal.

Accumulation of scientific knowledge and experience and improvement in technology have
strengthened the experts’ confidence in the long-term safety of the geological disposal concept.
This has resulted in the recent series of Collective Opinions. The first, in 1991, is entitled “Can
Long-Term Safety be Evaluated?” and was developed in collaboration with the IAEA and the
CEC. The second, in 1995, is entitled “The Environmental and Ethical Basis of Geological
Disposal”.

The main messages of the first Collective Opinion are that:

- safety assessment methods are available today to evaluate adequately the potential long-term
radiological impacts of a carefully designed radioactive disposal system on humans and the
environment, and

- appropriate use of safety assessment methods, coupled with sufficient information from
proposed disposal sites, can provide the technical basis to decide whether specific disposal
systems would offer to society a satisfactory level of safety for both current and future
generations.
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There is an ethical imperative to care about future generations and benefits from the earth’s
resources. Such concern for the protection of human health and the environment in a developing
world has been illustrated by the concept of “sustainable development” put forward by the World
Commission on the Environment, the Brundtland Commission, in 1987. This concept, which is
principally an ethical one, was defined as “satisfying the need of the present, without
compromising the ability of future generations to meet their own needs”.

As part of its continuing review of the general situation in the field of radioactive waste
management, and with particular reference to the extensive discussions at the NEA Workshop on
Environmental and Ethical Aspects of Radioactive Disposal in 1994, the Radioactive Waste
Management Committee reassessed the basis for geological disposal from an environmental and
ethical perspective, at its special session in March 1995.

In particular the Committee focused its attention on fairness and equity considerations: between
generations (inter-generational equity) and within contemporary generations (intra-generational

equity).
The main messages of the second Collective Opinion are that:

- the geological disposal strategy can be designed and implemented in a manner that is sensitive
and responsive to fundamental ethical and environmental considerations;

- it is justified, both environmentally and ethically, to continue development of geological
repositories for those long-lived radioactive wastes which should be isolated from the biosphere
for more than a few hundred years; and

- stepwise implementation of plans for geological disposal leaves open the possibility of
adaptation, in the light of scientific progress and social acceptability, over several decades, and
does not exclude the possibility that other options could be developed at a later stage.

Regulatory Aspects

National regulatory systems have been developed as geological disposal programmes progressed.
In some Member countries, regulatory requirements have been reviewed to adjust to anticipated
evolution.

Experts implementing national projects and regulators have occasionally exchanged views on how
to apply regulation to future applications and to clarify scientific and technical details for
regulatory requirements. Last January, NEA organised a Workshop on Regulating the Long-
Term Safety of Radioactive Waste Disposal, in Spain, to contribute to a deeper understanding of
regulatory approaches followed in NEA Member countries and of the differences which exist in
national regulatory systems. Among suggestions made by the participants regarding further work
were the drafting of rigorous but practicable regulations: the treatment of various uncertainties
such as the living habits of populations in the far future and the need to make reasonable
assumptions concerning these habits; and the difficulty of dealing with long-term risk issues in
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the context of legal and public perception considerations. The discussion highlighted that beyong
the solid scientific basis required for safety assessment, the decision-making process must
ultimately rely on expert judgment and reasonable assurance considerations, through an opep and
transparent process, allowing for public participation.

It is noteworthy that public participation in decision-making process such as public hearings o
public inquiries has been applied.

On the international scene, various guidelines for management of radioactive waste were
developed by the IAEA and they have, accordingly, been incorporated into national regulatory
systems. A Radioactive Waste Management Convention, similar to the Nuclear Safety
Convention, has been negotiated in the IAEA forum and it is expected to be opened for signature
some time this year. It will provide an additional framework for the safe management of
radioactive waste when it enters into force.

Financial Liability and Institutional Arrangements

Financial liability is another important aspect in the management of radioactive waste. The NEA
carried out a study and published a report in 1996 entitled “Future Financial Liability of Nuclear
Activities”. Four approaches have been adopted in NEA Member countries: centralised fund and
centralised responsibility, centralised fund and decentralised responsibility, guarantees and
decentralised responsibilities, and decentralised responsibilities. The financial liability system
will be refined in the course of the development of national repositories.

One of the advantages of geological disposal is less need for institutional control by future
generations: monitoring, surveillance of site, etc. Institutional arrangements would depend on the
national situation and be refined in the course of development. Once again, transparency of the
decision-making process would guarantee the definition of reliable national arrangements.

Conclusions

National geological disposal programmes have been implemented and experts’ confidence in the
scientific and technological robustness of the safety assessment has been increased. This will be
further demonstrated by underground laboratory tests being planned in several countries. It is
hoped that the public will support the development of such laboratories and that the tests will be
carried out in an atmosphere of mutual trust between those implementing the programmes and the
public.

High level waste and spent fuel have long-term hazard potential and management of such waste
requires particular consideration. These are not, however, unique for radioactive waste when the
effects of industrial wastes containing hazardous elements are closely studied. I would like,
therefore, to underline the need for a more rational attitude toward the management of radioactive
waste. We may have developed a stereotype vision of the potential danger of nuclear energy
based on past unfortunate events: nuclear bombs and accidents in nuclear facilities.
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Since the quantity of waste to be disposed of is limited and resources are also limited, a single
repository would be sufficient in most major nuclear power countries. International co-operation
is therefoe imperative to share expertise and experience.

Modern society has been producing a variety of waste and some contains various chemical
products with an extremely long life. Their risk potential has been recognised and various
international control régimes have been discussed. A treaty to reduce the release into the
environment of certain chemical compounds classed as persistent organic pollutants (POP) will be
negotiated. Carbon fluoride compounds have been regulated by an international protocol. Green-
house-effect gas may be subject to the control of an international convention. These
developments reinforce my convictions.

Reference:

1. Can Long-Term Safety be Evaluated?, NEA, 1991

2. The Environmental and Ethical Basis of Geological Disposal, NEA, 1995
3. Radioactive Waste Management in Perspective, NEA, 1996
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Overview of the current status of radioactive waste (RAW) management in

Russia
summary by Andrei ZOBOY
Carnegie Moscow Center

By 1996 there were more than 650min cubic meters of RAW with initial
radioactivity of some 4bln Ku accumulated on Russian territory. 90% of that amount
was from military production and 99% of both the amount and radipactivity was of the
Russian Ministry for Atomic Energy (Minatom) origin. The figures do not include
RAW from nuclear weapons testing and “PNE’s”

There are also nearly 9000 tons of spent nuclear fuel in Minatom and other
agencies storages with the radioactivity of about 4.65 bln Ku. According to some
experts RAW released into the seas around the Russian territory was initially 2.3 min
Ku.

Quite a number of experts claim that the whole waste management system in
Russia is somehow far from IAEA and other international standards. There is still no

proper comprehensive national list of storage and burial sites for RAW in Russia.

The pile up of RAW in military sphere resulted from the following activities:
building-up nuclear weapons arsenal in the Minatom factories,
operations of and repairs on nuclear powered vessels of the Navy and the

Ministry for Defence Industry and their decommissioning.

Radioactive wastes from peaceful uses of nuclear energy come from:

NPP and research reactors, storage of spent fuel and its regeneration;
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civil nuclear powered ships;

use of isotops in medicine, industry, etc.

RAW from military and civil nuclear activities are reprocessed at three plants:

Mayak at Ozersk. the Urals known for the disaster in 1957 which released 20 min
Ku over the area of 23 000 sq.km. During 40 years of its history Mayak piled up more

than 1bln Ku of RAW.
Siberian Chemical Combine at Seversk with 50 considerably well isolated
storages in deep geological formations down to 260-450 meters deep. Total initial

radioactivity - 1.1bln Ku.

Mining-Chemical Combine at Zheleznogorsk, Krasnoyarsky krai with 800 min
Ku of initial radioactivity. All three plants are objects of recent intensive international

activity to improve nuclear safety and security.

200 000m” of wastes with 2 mln. Ku activity was of non-nuclear application origin.

The management of that amount is the sole responsibility of a State Company called
RODON having 16 plants all over the coutry and the central research base in the
Bochvar Institute of Non-Organic Materials. The system is operative, successfully or
not, since late 60-ties.

The importance of RAW problem: huge amount of not safely enough kept wastes
creates great concern in view of the danger for the population and environment; badly
needed reconstruction and modernization for which there are no sufficient funding in

the budget.
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An attempt to solve the problem is undertaken by recently created Federal
Commission on Nuclear Wastes Management and Interagency Commission on
Geologic Bunal. The Government adopted a Federal Nuclear Wastes Program for
1996-2005 which named Minatom responsible for all operations within the Program
The legislation provisions on waste management are covered by the draft law "On
Radioactive Wastes Management", which is expected to be adopted sooﬁ by the State

Duma.
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Overview of the current status of radioactive waste (RAW)
management in Russia
Prepared by Andrei ZOBOV
Senior Advisor
Carnegie Moscow Center
for panel discussion on RAW management
at the 30th JAIF Annual Conference
Tokyo, April 11, 1997

I thank our distinguished hosts -- the Japan Atomic Industrial Forum
for invitation to this important meeting. My presentation here is based on
independent sources and expertise; facts, figures and conclusions given
below do not necessarily coincide with official ones.

In preparing this presentation I relied substantially on the “Nuclear
Encycopedia” recently published by Yaroshinskaya Foundation - an NGO in
Moscow. I hear that this book is being translated from Russian into Japanese
for publication in this country.

Like in other nuclear weapon states, RAW management in Russia
from the very beginning was based on the requirements of nuclear weapons
production. To win the arms race was the primary goal and the RAW
problem was put aside until some time later i the future. In the case of -
Russia this postponement tactic is now proving itself to come to a dead-end: -
the country now has up to 1.7bln Cu of liquid medium and low level waste,
plus 7.2bln Cu of high active waste and from 2.4 to 5bln Cu 1n spent fuel.
And that 1s in addition to the radioactivity in contaminated environment.
According to the available data the volume of RAW by 1996 was at the
level of 650mln m’. 90% of that amount is from military production and 99%
of both the amount and radioactivity is of the Russian Ministry for Atomic
Energy (Minatom) origin. The figures do not include RAW from nuclear
weapons testing and the so-called “peaceful nuclear explosions”. By the
way, according with the existing national legislation spent fuel in Russia is
considered RAW unless it is destined for reprocessing and reintroduction
mnto the fuel cycle.

The problem of RAW in Russia as a continuing ecological threat is
unfortunately rather far from its proper solution. Quite a number of experts
claim that the whole waste management system in Russia falls behind the
IAEA and other international standards. There is still no proper
comprehensive national list of temporary storage and permanent burial sites
for RAW in Russia. Huge amounts of loose wastes create great concern in
view of the danger for the population and environment. Reconstruction and
modernization of RAW facilities are badly needed for which there is no
sufficient funding in the budget.
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An attempt to solve the problem is undertaken by recently created
Federal Commission on Nuclear Wastes Management and Interagency
Commission on Geologic Burial. The Government adopted a Federal
Nuclear Wastes Program for 1996-2005 which named Minatom responsible
for all operations within the Program.

The bigsest concentrations of RAW from military and civil nuclear
activities are located at three sites:

1. Mayak at Ozersk (Chelyabinsk-65 and Chelyabinsk-40) in the
Urals is well known for the disaster in 1957 which released 20 min Cu over
the area of 23 000 sq.km. During 40 years of its history Mayak piled up
more than 1bln Cu of RAW.

2. Tomsk-7 the Siberian Chemical Combine at Seversk with 50
considerably well isolated storages in deep geological formations down to
260-450 meters deep. Total amount of liquid RAW pumped underground in
Tomsk-7 is about 40mln m® with 1.1bln Cu of radioactivity.

3. Krasnoyarsk-26, the Mining-Chemical Combine at Zheleznogorsk
with 800 min Cu of radioactivity. All three plants produce RAW 1
radiochemical reprocessing operation. These plants are objects of recent
intensive cooperative international activity to improve nuclear safety and
security.

The Mayak RT-1 plant in Chelyabinsk is reprocessing spent fuel
from some VVER, research and naval reactors. It has a capacity of 400 tons
a year. Each ton makes some 600 000 Cu of RAW with the accumulation of
100mln Cu of RAW annually. An important practical problem with the RT-1
reprocessing plant is that the vetrification facility there had to stop
functioning in the end of 1996. A new vetrification facility at Mayak will
become operational only in 1999. So the situation with high active liquid
wastes 1s becoming more and more serious every day.

The second reprocessing plant RT-2 for other reactor types fuel with
the capacity of 1500 tons a year was to be constructed at Krasnoyarsk-26.
However due to lack of funding the construction work stopped and so far
only one spent fuel storage was built there; it is operational now.

There are many conflicting views on the future of the RT-2
reprocessing plant. NGO’s, ecologists and GAN -the Russian equivalent to
NRC- are against the construction, argue that there is no proof for its
ecological, health and technological safety. The final verdict is expected
from the Federal Ecological Expert Commission. The situation with cost-
effectiveness for RT-2 operation is far from clear. If the plant were to take
foreign spent fuel for reprocessing then it could theoretically make certain
profit and be economically sound - and that is only in case of guaranteed
shipments of foreign spent fuel for reprocessing. However the Russian Law
on Environmental Protection prohibits import to Russia of RAW for
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temporary or permanent disposal. To overcome this situation President
Yeltsin adopted a special Order of January 25, 1995 allowing for import of
foreign spent fuel for reprocessing. The Government argued that 1)- the
intention is to take not RAW but spent fuel and 2)- the spent fuel is from
foreign NPP's built by the Soviet Union; the construction of these NPP and
providing them with fresh fuel was conditioned on the return of the spent
fuel to Soviet Union/Russia. The local authorities in Krasnoyarsk and the
State Duma brought the case to the Constitutional Court of Russia. However
the Court was unable to produce a proper judgement on the alleged ground
that the Presidential Order in this particular case was not of “norm making
character” and therefore not to be subjected to a Constitutional Court ruling.
So the legal situation is still unclear.

The national patriots in Russia and especially in the State Duma are
very loudly opposed to having any “garbage” nuclear material from abroad.
However there is a growing understanding espacially in the academic circles
in favour of not loosing possible benefits from a new industry - make use of
the specific geographic, climatic, seismic and demographic situation of the
huge Russian territory and earn money by reprocessing and storing
radioactive materials from abroad.

In March 1995 The Russian Security Council Interagency
Commission on Ecological Safety considered the item of ecology safety in
the nuclear fuel cycle. It found that the scientifically proven ecologic and
economic criteria and merits assessments of closed and open fuel cycles
have not been properly developed in Russia. The Commission requested
Minatom and other agencies to work out and submit to the Government such
criteria and assessments for the purpose of formulating the concept of safe
development of nuclear power in the country. This work has not been done
yet.

The proper assessment of RAW situation much depends on which
concept of the nuclear fuel cycle is accepted in the country- the closed or
open fuel cycle. In practice the fuel cycle in Russia can not be considered as
a completely closed one because, for instance, Pu from NPP spent fuel is
kept in special storages at Mayak RT-1 plant and not yet returned back to
the fuel cycle. Thus at the moment this Pu is practically a RAW. On the
other hand the fuel cycle can not be quite open because there is no final
stage of permanent disposal and both RAW and spent fuel are so far put into
temporary storage. So both types of the cycle have important element of
transitory nature.

Minatom has made its choice squarely in favor of the closed type of
nuclear fuel cycle. To materialize this choice the Ministry has to take into
account several criteria of RAW management.
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First, the need to lower the population and environmental risks_ ¢
the closed cycle were to be proven to lead to higher risks, then this cycle jg
unacceptable irrespective of possible economic attractiveness and benefits,
How to solve the problem of increased quantaties of RAW resulting from
the closed cycle choice is not clear. Another problem which is still difficult
to solve - insufficient storage space for midium and low active waste.

Cost-effectiveness. Of cource the closed cycle RAW reprocessing
opportunities might attract much needed investments from foreign nuclear
industries. But very much depends on concrete situation in the world
markets. The official figures might show that total expenditures on RAW
and spent fuel reprocessing in the closed cycle to be 10-15% lower than
storage and permanent disposal expenditures in the open cycle. However
there are some independent calculations showing that the closed cycle costs
might be 10-30% higher than in the open cycle. To make the correct
calculations in this regard very much will depend on whether Russia will
succeed in making the storages less expensive and making its sales of
uranium and enrichment-reprocessing services more attractive to foreign
markets.

Conformity with the existing legislation provisions. The Government
if 1t wants the public opinion to accept the closed cycle, has to completely
convince 1t of the benefits of accepting foreign spent fuel and RAW for
reprocessing and storage, and to change the existing legislation accordingly.

Nuclear non-proliferation considerations relevant to each of the two
types of the fuel cycle are well known and are still debated hotly not only in
Russia.

There 1s quite a number of considerations unrelated to the type of fuel
cycle which are to be taken very seriously

Russia is not yet guaranteed against the threat of a serious political
and social change or an attempt of such change. Together with a fast
growing interest from some rogue states and non-government groups in
obtaining fissile materials it makes it absolutely imperative to provide
reliable measures of RAW safety and security. International cooperation
plays an extremely important role in this area. )

In 1996 eight train loads of RAW from the Navy (six from the
Northemn Fleet and two from the Pacific) were transported from the
submarines and local harbor storages to more permanent storage facilities -
mainly in the Mayak. The plan now is to remove some ten train loads per
year so that by the year 2000 all Navy spent fuel is removed

Use of isotops in medicine, industry, etc. and other uses of fissile
materials outside of power production led to the accumulation of 200 000m’
of wastes with 2 mln. Cu activity. The management of that amount is the
sole responsibility of a State Company called RODON having 16 plants all

2
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over the country. Its central research base is the Bochvar Institute of Non-
Organic Materials. The system is operative, successfully or not, since late
60-ties.

The National Legislation Relating to RAW in Russia. From the
very beginning all nuclear activities in USSR/Russia were kept secret and
nobody was speaking of any public laws in this area. Things began to
change in real terms only in 1992 when the Parliament elaborated two
nuclear related laws - "On Utilization of Atomic Energy" and "On National
Policy in Radioactive Wastes Management". These Laws were adopted by
the State Duma in 1994 but the President signed only "On Utilization of
Atomic Energy" and vetoed the Wastes Law. The prevailing opinion among
independent expert is that this was done under lobbying pressure of the
military establishment and Minatom. These two organizations opposed the
Wastes Law mainly because this Law did not permit disposal of medium and
high active liquid RAW and also prohibited any disposal of any RAW onto
the open ground or into rivers and lakes. The Law also contained the strict
rule that high level RAW could only be buried in solid form and in
explosion- and fire-proof state, into deep seismic-proof geological
formations. These legislation provisions would drastically toughen the whole
national practice of RAW utilization and management. This leads to the
situation when Minatom might think to be much better off without the
Wastes Law. The absence of this Law does not help elaboration of a
national RAW management concept.

RAW and public information, transparency/openness. Despite
recent visible successes in Russia in ecological information openness and
legal protection measures in comparison with the Soviet period, some ugly
Soviet-type problems continue. A latest example- the case of retired
Northern Navy officer Alexander Nikitin who provided a Norwegian
ecology group Bellona with certain ecological data relating to RAW
situation in the Russian North. He is accused of betraying state military
secrets. His case is still in court and very much is still unclear. Russian
ecologists argue that the military must recognize that national security is not
confined to defending against a potential external enemy, but comprises also
a no less important ecological component and therefore publicity is not
necessarily a betrayal.

Closeness of nuclear facilities and RAW to densly populated
areas. The most striking example -- Kurchatov Institute with its 28 nuclear
sites 1s only 15km away from the Kremlin in the center of Moscow. Another
example -- Tomsk-7 Plant - the huge Siberian Chemical Combine with its
official 1bln Cu of RAW is only’10km from Tomsk.

I—-7-10



Another problem in RAW management - depth of pumping for
geological burial is not deeper than 450m (in Tomsk-7), which according
to many experts is not deep enough

International efforts for radioactive waste management and the
Russian role. An internationally recognized consensus has developed
namely that the prime responsibility for safe management of radioactive
waste, including storage and final disposal, rests with national governments,
The promotion of an effective safe wastes management culture in each
country requires a supportive economic and legal environment and
international transparency.

However in light of the consequences of a major nuclear disaster it is
of the first importance to continue to enhance international collaborative
efforts to promote safe waste management worldwide.

| A promising endeavor in this area could very well be establishment of
regional storages for RAW. Russia supports international efforts in this field.
This now becomes an interesting topic during bilateral and multilateral
discussions.

Significant efforts have been made in Russian Federation towards
safer waste management independently and also in cooperation with
multilateral and bilateral programs. This effort follows the guidelines of the
Moscow Summit of the Eight Powers exactly a year ago on Nuclear Safety
and Security. But of course further substantial efforts are still required

International Convention on the Safety of RAW Management.
RAW management issues are increasingly important to the public perception
of nuclear energy. Therefore the Convention on Nuclear Safety contains an
affirmation of the need to develop a convention on the safety of RAW
management. Work on elaboration of the Convention on the Safety of RAW
Management started began in 1995 and 1s progressing. Russia actively
supports this excersize in the understanding that this Convention will be
useful to ensure that countries properly manage their waste to avoid
unacceptable risks now or in the future to both the public and the
environment.

Commitments on Ocean Dumping. In 1996 Russia finally joined the
1993 amendment to the London Convention to ban sea disposal of all RAW,
including low-level.

In 1993 Russia discharged low level liquid wastes into the Sea of
Japan. A joint Russian, Japanese and Korean study was conducted.

The IAEA has undertaken a 4 year International Arctic Seas
Assessment Project to assess the health and environmental risks and to
examine possible remedial actions. There are also joint Russian/Norwegian
scientific cruises in the Kara Sea. As the Russian Federation does not
currently have sufficient capacity to treat low level liquid waste from their
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Nordic and Pacific nuclear fleets, Japan, the United States, the Nordic
countries and the Republic of Korea are assisting Russia through bilateral
and multilateral channels in construction of waste treatment facilities.
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ASTATOM—A Personal View

Hiroshi Murata
Vice Chairman

Japan Atomic Industrial Forum, Inc.

In recent years, attention has been paid to remarkable economic growth in the
Asian region, including China and the Southeast Asia, amid the stagnant economic
conditions in the West and Russia. In some countries with high economic growth,
the growth rate has exceeded 10 percent a year, and even the average annual
growth rate 1s over 6 - 7 percent in the whole Asian region. Because of such
rapidly growing economy and increasing population, energy consumption has also
remarkably increased in the region. KEspecially, with modernization of local
communities, electricity demand is sharply growing, at a rate of as high as nearly
15 percent a year in some countries.

To cope with such high economic growth and population increase, the nations are
obliged to be more dependent on oil produced in the Middle East region. This
situation may give rise to another serious oil crisis and lead to a fierce competition
for oil. Regarding such prospects, many insightful people have pointed out that it
is essential for the world nations to work together now to increase energy supply,
especially to develop power resources quickly. Considering the environmental
pollution caused by the increased use of hydrocarbon resources, we cannot but

conclude that the strong promotion of nuclear power generation is the only way to
go.

On the other hand, some people show concern about the assurance of safety, in the
face of the Asian region's rapid growth of nuclear power generation, which requires
sophisticated technology. It is evident, however, that we cannot leave the energy
shortage asitis. The important task therefore is to establish nuclear safety in the
Asian region. This will lead to the solution of the problem.

As for the nuclear development situation in the Asian region as of the end of 1995,
69 units were in operation, 10 units under construction, and 20 units at the
planning stages. This means the region will have a total of 99 units. This
number is almost equivalent to those units owned by the United States—110 units.
It is expected that the Asian countries will have nearly 150 units by the middle of
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the 21st century. From such a perspective, the industrialized nations are making
efforts to sell nuclear power plants to the nations in the region, and are aChieving
considerable results.

However, to internationally cope with the rapid nuclear power development in the
region, it is absolutely necessary to ensure safety and to provide the safeguards for
the nuclear materials which are growing in quantity. Furthermore, with the
increase in nuclear power generation capacity, it is becoming increasingly
important for the nations to close the nuclear fuel cycle supporting it.

At present, only Japan and China have succeeded in closing the nuclear fuel cycle
in the region. It seems to me that it is time to plan the establishment of an
important regional system, namely, "ASIATOM," and to work together to realize
this new system, under which we should promote the establishment of the
safeguards system and the closing of nuclear fuel cycle.

The name "ASIATOM" will immediately remind us of "EURATOM," but in
consideration of the differences in the history of nuclear development, regional
economy, social structure, and cultures, it will not be appropriate to call this
system an Asian version of "EURATOM." "ASIATOM" which I picture would
have functions complementing the safeguards provided by the International
Atomic Energy Agency (IAEA). At the same time, the member nations would
share the nuclear fuel cycle facilities which will be needed in the region. By doing
so, the nations could further strengthen the regional cooperative system to realize
a sound and efficient cooperation in developing nuclear power exclusively for

peaceful uses.
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Asian Regional Stability and Nuclear Fuel Cycles

Asian Regional Stability

Since WWII Northeast Asia has been a region of considerable instability and the region
with the greatest risk of large-scale nuclear weapons proliferation. Sources of instability include: -
the Korean War, wars in Vietnam, confrontations over the status of Taiwan, the lack of peace
treaties to finally end WW II and the Korean War, divided countries, rising nationalism,
increasing military expenditures, and a lack of a regional security framework. ¢

In such a situation, perhaps the most important goal for Northeast Asian states is to avoid
conflict and to build a regional security architecture that will be the foundation for economic
‘growth and trade. ‘

The question I will address is, what are the implications of nuclear fuel cycles in Asia upon
Asian regional stability? Is the region more stable or less stable because of nuclear programs?

The Effect of Nuclear Programs on Regional Stability

The simple fact is that nuclear activities of states in Northeast Asia have at times greatly
contributed to regional instability and tension. Today there are three nuclear weapons states in
Asia - Russia, China, and the United States. However there have also been repeated efforts by
other states in the region to acquire nuclear weapons. Had these efforts succeeded, Northeast
Asia might have been the location of a half dozen nuclear weapons states instead of only three.
For example, as late as 1970 Australia, which is today a strong supporter of the nuclear
nonproliferation regime, was giving serious consideration to the acquisition of nuclear weapons.

While the story is not over, it is possible to see Northeast Asia as a nuclear weapons
_nonproliferation success story. Despite the very high risk of nuclear weapons proliferation, it has
not yet occurred. It is important to note that the so-far successful efforts to prevent nuclear
weapons proliferation have relied not only on the so-called nuclear nonproliferation regime, but
more significantly on the ad hoc bilateral and multilateral responses of individual states.

The Framework Agreement and KEDO
- The most recent example of such an ad hoc effort is the Framework Agreement and the
creation of the Korean Energy Development Organization (KEDO). T assume that most are

familiar with the Framework Agreement in which the DPRK freezes its unsafeguarded nuclear
activities and agrees in the future to undergo inspections in exchange for fuel oil and light water
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reactors.

The point to note is that a situation of grave regional security concern, unsafeguarded
nuclear activities which would have provided materials for nuclear weapons, has been transformeq
into a situation in which nuclear cooperation is increasing, rather than decreasing regional
stability. Americans from my office, at this very moment are working with North Korean
technicians at Yongbyong, to can the spent nuclear fuel from North Korea’s small gas graphite
reactor. A North Korean delegation has been in the U.S. last month for briefings on possible fOur
power talks. Additional meetings are planned.

The states of Northeast Asia should build on the example of the Framework Agreement
arid use it as a model for resolving certain types of regional problems by turning them into
opportunities for regional cooperation.

What are some of the characteristics of the Framework Agreement that should be kept in
mind when we look at it as a possible model? Without going into detail I would suggest the

following:

o Athreat or problem that many states wanted to be resolved

o Afocus of attention on the problem
° Original thinking and leadership

° Hard Work
o International consultation and collaboration including the creation of KEDO

° An over-arching agreement in principle, the Framework Agreement, which is combined
- with specific technical activities - providing fuel oil, cleaning spent fuel storage ponds,
canning spent fuel.

Pursuing this last point, what are some other agreements and activities involving the
nuclear fuel cycle that might be used to enhance rather than undermine regional stability?

Specific Steps

Specific discrete actions that involve the nuclear fuel cycle and which increase regional
stablhty can be taken by a variety of different organizations. Of course governments can be
involved, but in addition ministries, nuclear utilities, quasi-governmental organizations,
laboratories, universities, think tanks, professional sociéeties and non-governmental organizations
can all be important contributors. Some examples of such activities include the following:

° Nuclear Safety Cooperation
° International exchanges among utilities and nuclear industries
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e ' Exchanges of scientists or executives

° Verification and transparency expenments

° KEDO »

° Regional safeguards and mspectlon regimes which might begin with site visits
° Regional approaches to the management of low level nuclear waste

° Regional approaches to the interim storage of spent nuclear fuel.

Political and General Steps

Political actions whether large scale or small, unilateral or multilateral, can help to create a
framework which provides guidance and direction to more specific or technical actlons Actions
that might be taken of this sort mclude

® Intemanonal Agreements

° Agreed statements of principle or declarations at meetings such as APEC or ARF

o International memoranda of understanding

° Unilateral or bilateral speeches

° Voluntary offers to cooperate or increase transparency :

e The creation of international organizations such as a Pacificatom that tmght provide an

umbrella for specific technical actions

In summary, it is important to think regionally as well as nationally. Planners in each
country should think not just of domestic concerns, but of the international implications of fuel
cycle activities. More far-seeing planners should ask how nuclear activities and cooperation might
also contribute to-the greater goal of regional stability.
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~ Annual Conference of the Japanese Atomic Industrial Forum -

Chang—Saeng Shim
Vice President
Korea Electric Power Corporation

In the world today, there are four hundred thirty-seven (437) nuclear
units in operation and thirty-nine (39) units under construction, and in
Asia eighty—two (82) nuclear units in operation and fifteen (15) units
under construction. Many countries in the Asia Region are expected to
construct more nuclear units early in the twenty—first (21th) century,
considering their aggressive economy driving policies and their
accompanying demands for electric power. Accordingly, the Asia region
is expected to be the most active area in the world for nuclear
construction.

Korea imports most of its required energy fmfn foreign countries due
to its deficit in natural resources. S0, we have chosen the nuclear
development program to meet the energy demand for continuing
economic growth. Korea has been performing nuclear project most
vigorously since early eighties (80’s) and is one of the nations that
operate Nuclear Power Plants (NPPs) most safely and successfully in
the world. Presently, we have eleven (11) Nuclear Power Plants (NPPs)
in operation which generaté nine point aix giga-watt (9.6GW), and four
(4) KSN one thousand (KSN-1000) units and three (3) CANDUs under
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construction which generate six point one giga-watt (6.1CW).
Moreover, we will start construction of two (2) more Korean Standard
Nuclear Power Plants (KSN-—TOOO) in Ulchin late this year. According to
the long term power development program established in nineteen
ninety—ﬁ\ke A(1995), Korea’s nuclear power capacity is expected to be
enlarged to twenty six point three giga-watt (26.3GW) by the year
twenty—ten (2010).

With the aim of design and construction of the standard nuclear power
plant (NPP} which fits with Koréan, we have successfully deveioped the
KSN one~thousand (KSN-1000), utilizing our construction and operation
experiences gained through previous projects as well as adopting
various new technologies from around the world. Furthermore, we have
commenced the KSN thirteen hundred (KSN-1300) project as a next
generation reactor with the aim of promoting the nuclear capability of
Korea to the level of developed couniries. The KSN thirteen hundred
(KSN-1300) design is being developed with the target of operation in
- the year twenty-o-seven (2007). The KSN thirteen hundred (KSN-1300)
will have greatly increased the safety and economy by adopting the
concept of facility simplification, the increased capacity factor, the
extended lifetime and other design features. Meanwhile, we do not
perform any back-end nuclear fuel cycle projects according to the
“Non—Nuclear Korean Peninsula Peace” policy.

The nuclear project organization in Korea was established in mid
eighties (80's) to rapidly achieve technology self-reliance and this
purpose was achieved successfully by late nineteen ninety-five (1995).
In late ninety-six (1996), a more businesslike nucleér project
arganization was formulated to escalate the competition capability of
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oiir nuclear industry based on attained technology self-reliance. Ag
results, the "Nuclear Steam Supply Systern (NSSS) design” task was
turned over from KAER, which stands for Korea Atomic Energy
Research Institute, to KOPEC, which stands for Korea Power Engineering
Company, and "radioaétive waste management” from KAERI to KEPCO,
and "nuclear fuel design and CANDU fuel fabrication” from KAERI to
KNFC, which stands for Korea Nuclear Fuel Company, Mid & long term
R&D plan has been set up to maximize research efficiency with the
positive participation of goverhment, industries, institutes of higher
learning and research centers.

Korea has been promoting the peaceful use of nuclear energy in the
region by joining the IAEA RCA, which stands for Regional Cooperative
Agreement for Research, Development and Training Related to the
Nuclear Science and Technology for the Asia and Pacific Region, in
nineteen seventy—four (1974) and by cooperations among the members,
Also, Korea shares the common understanding on peaceful nuclear
power by attending "The International Conference for Nuclear
Cooperation in Asia” which is held at the governmental level and by
improving the safety and credibility of NPP through cooperation such as
sharing lessons learmned, training, technical support by participating the
WANQO, PBNC at the level of power companies. Among these regional
cooperations, the LWP Project is one of the most important cooperative

project.

As you might well know, the LWR project is to supply two (2) KSNP
of approximately one thousand mega-watt-electric (1,000MWe) each to
the DPRK by international consortium (KEDO). ‘At present, KEDO is
composed of three orignal members (that is Japan, USA and ROK) and
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seven (7) member countries (that is Argentina, Australia, Canada,‘
Chile, Finland, Indonesia and New Zealand), and the accession of
European Union (EU) is agreed provisionally between EU and KEDO.

KEDO officially designated KEPCO as the prime contractor of the LWR
Project on a turnkey basis. As the Prime Contractor, KEPCO is exerting
and will continue exert its best efforts, becoming to the “Central role
of Korea”, to successfully construct the "KENP” within given time span
with its construction experiences and fechnical capabilities developed
through rr;any different nucle::ir projects.

The LWR Project is very complex and difficult due to the delicate
relationship between the DPRK and the ROK, and the mixed political
and commercial interests of ‘the project sponsors. The LWR project is
an unprecedented peculiar project which is being carried out under the
leadership of KEDO and jointly sponsored by Korea, Japan, USA and
other member countries, and at the same time it is a project which is
commonly pushed by Government and private sector, having features of
both a regional cooperative projéct and an intermational project. | might
add that, therefore, the member states of KEDO are playing an
important role in maintaining peace on the Korean Peninsula and
greatly helping the promotion of regional interests by taking part in the
settlement of “safe and peaceful nuclear power” in Asia.

therefore, the LWR project will reguire close cooperation among the
project participants not only project implementation but also plant
operation. Although the compémies to be participated in the LWR
project have not been selected, mamk companies of Japan are expected
to join this project. In this regard, the special understanding and
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pbsitive cooperation of Japanese Atomic Industry is indispensable for
the successful completion of the LWR project. As the internationg
circumstances of nuclear power will be varied greatly in the
forthcoming twenty—first (21st) century, | suppose it is time for us to
promote the international and régional cooperation one step further and
we are in a position that we have fo investigate a cooperative program
for the nuclear safety regulation and operation of the DPRK, which we
cannot even access presently,

Finally, 1 would like to suggest that this forum be a good chance to
compose a regional cooperative body to secure the nuclear safety by
plotting a course for the program fto exchan'ge- technology and
manpower with the DPRK at the level of non-government organization

(NGO) among the countries in Asia far the safe operation of the NPP
by the DPRK.
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ENERGY SCENARIO IN INDIA

The total energy consumed in India, both commercial as well as non-
commercial form per capita is around 380 KgOe. Forty percent of the energy
{non-commercial) is derived from bio-fuels, such as, fuel wood, crop residue
and animal waste. Thus the primary commercial energy per capita
consumption is about 235 KgOe. The energy demand has grown at 6% per
vear in the last two decades and the growth rate is expected to be 6-7% per
year upto 2020.

The India's population has grown from mere 300 million at the time country
gained independence to 940 million (1996) and with the projected growth
rate, it is expected to double by 2047 AD and attain hypothetical stationary
level of 1880 million.

India has made rapid strides in capacity addition. The installed capacity has
risen to 86,000 Mwe from a mere 1400 Mwe at the time of independence.

The present installed capacity is about 86,000 Mwe (utility & non-utility)
constitutes of Thermal 73%, Hydel 25% and Nuclear 2%. The country's per
capita electricity consumption is 310 Kwh, which is very low, and is 40 times
less than that of-Latin American countries and 8 times less than that of world
average. The demand for electricity has grown at a rate of about 9 to 10%, in
past decades and is expected to grow further at a rate of 6 to 7%.

As per the projection made by various agencies based on various
assumptions, GDP growth rate and HDI, an installed capacity of about
400,000 will be required by the year 2020. However, a minimum capacity
addition of 200,000 Mwe is required to be set-up by the year 2020, for
maintaining sustenance at present level and a reasonable growth.

India is poorly placed in terms of world energy resources, while 16% of
world population lives in India, only 0.6% of oil and about the same portion
of gas reserves exists in the country. However, India is endowed
with 6% of coal reserves of the world. India is net importer of energy. As
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per the present projections the proven reserves of coal are expected. to last
for 100 years. The oil and gas would last for 24 and 23 years,
respectively. Moreover, oil, gas and coal also have non-energy uses. The
nydel and coal reserves are concentrated in certain regions of the country.

Based on the Uranium resources available in the country, it will be
possible to build a maximum of about 10,000 Mwe of PHWR capacity.
However, by adopting the Fast Breeder Technology, it is possible to build
a Nuclear Power capacity of about 300,000 MWe by using " "vast
resources of 360,000 tonnes of Thorium.

As the projected demand is considerably high, there is a need for
development of diversifying energy resources. However, nuclear power
will have to play an increasingly important role i long term energy
management. An installed capacity of about 10% by the year 2020, 1.e.
20,000 MWe should be added by Nuclear Power.

India’s nuclear power programme

Indian nuclear power programme commenced with the construction of
Tarapur Atomic Power Station (TAPS-1&2) with 2 x 160 Mwe (present
capacity) Boiling Light Water Reactors (BWRs), using enriched Uranium
as fuel and light water as moderator, set-up in 1969, on a turn-key basis,
by General Electric Company, USA. These two units were set-up
essentially to demonstrate the technical viability of operating them within
the Indian régional electric grid system, which was at that time relatively
small. These Units also helped us to gain valuable experience in operation
and maintenance of nuclear power plants. After more than twenty-five
years of safe and successful operation, these reactors are still in service,
providing much needed electricity to the Western Grid. |

From the very beginning, as a long term strategy, the nuclear power
programme formulated by Dr Bhabha, embarked on a three stage nuclear
power programme linking the fuel cycles of PHWR and LMFBR, was
planned for judicious utilisation of our limited and low grade ( < 0.1%
U308) Uranium ore (78,000 tonne) but vast thorium resources ( > 360,000
tonnes). The emphasis of the programme was self-reliance and thorium
utilisation, as a long term objective. India has selected Pressurised Heavy
Water Reactor (PHWR), because of several mherent advantages -
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a) PHWR uses natural uranium as fuel, natural uranium being easily
available in India, helps cut heavy investment on enrichment, as
“uranium enrichment is capital intensive.

b) Another reason is that the natural uranium requirement for
PHWR is the lowest and plutonium production is highest.

¢) Finally, the infrastructure available in country was suitable for
undertaking manufacture of equipment for PHWR Reactor. --

The three stages of our Nuclear Power Programme are :

Stage-I envisages, construction of Natural Uranium, Heavy Water
Moderated, Pressurised Heavy Water Cooled Reactors (PHWRs). Spent
fuel from these reactors is reprocessed to obtain Plutonium.

Stage-II envisages, construction of Fast Breeder Reactors (FBRs) fuelled
by Plutonium produced in Stage-I. These reactors would also breed U-233
from Thorium. It is also planned to develop an advanced heavy water
thermal reactor (AHWR), as an extension of - Stage-I PHWR programme.
The AHWR, using a Pu-239 enriched Uranium fuel in the driver (booster)
zone and U-233 enriched Thorium fuel in the driven zone, would generate
a large part of its energy output from Thorium through fission of msitu
bred U-233. .

Stage-III would comprise power reactors using U-233 / Thorium as fuel.

In order to be self-reliant in the field of nuclear power generation, the
Department of Atomic Energy, opted for 'CANDU' technology in
collaboration with Atomic Energy of Canada Limited, and commenced
. construction of a power station comprising two units.of 220 MWe at
"Rawatbhata in Rajasthan in 1964. The 'CANDU' technology involved the
~ use of Natural Uranium as fuel and Heavy Water as moderator. To
achieve self sufficiency in this field in the long run, the Department of
Atomic Energy established facilities for fabrication of fuel and Zirconium
alloy components, manufacture of precision reactor components and
production of Heavy Water. Momentous efforts were put in to develop
manufacturers in the country to produce components like Calandria, End-
Shields, Steam Generators, fuelling machines, Nuclear pumps and other
critical equipment, required for setting up of nuclear power stations,
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conforming to International Nuclear Standards. Development of world
class manufacturing facilities in public and private sector organisations
was achieved.

Rajasthan units were followed by two more units at Kalpakkam near
Madras. Thus, the first stage program with short term goals of
complementing generation of electricity at location away from coal mines
progressed steadily.

The erstwhile Nuclear Power Board, was incorporated as Nuclear Power
Corporation, in the year 1987, with an aim to accelerate first stage of
nuclear power program, by having access to the finances from the
market.

With the evolutionary changes taking place with the development of the
‘Nuclear Power Plants to meet seismically qualified equipment and systems
coupled with new safety criterta, improved designs were developed and
mmplemented at the Narora Atomic Power Plant (NAPP) at U.P. The 220
MWe design was also standardised. The innovation and improvements
implemented at the Nuclear Power Plant, involved considerable efforts in
research & industrial infrastructure in the country. This, India has to
“achieve all by itself in view of various embargoes it faced and still faces in
several technological matters concerned with nuclear power. Successfully
commissioning of Narora Atomic Power Station (NAPS) established total
capabilities for-design, construction, fabrication of equipment, operation
and maintenance of Nuclear Power Plant in India. In the process, a good
industrial infrastructure has been created in the country for nuclear power
program. Self-reliance has been established in the reactor technology in
all its aspects. Subsequent to Narora, two more atomic power stations at
Kakrapar have been built and commissioned in the shortest possible time,
using the indigenous technology. By successful commissioning of KAPS,
Kakrapar, it was once again demonstrated that India has matured in this
technology and is fully capable of exploiting the same. This also
_established nuclear power as safe, environmentally benign and
economically viable source of power generation, its cost comparable with
coal based thermal plants. ‘ |

‘With the second unit in KAPS at Gujarat, achieving commercial operation
from September, 1995, Nuclear Power Corporation of India Limited
(NPCIL) has attained an installed power capacity of 1840 MWe.
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Plants under construction

Presently, four units, of 220 MWe, namely - Kaiga-1&2, near Karwar and
RAPP-3&4 in Rajasthan, are in the advanced stage of construction.

Future programme

With a view to augment the growth of nuclear power and PHWR system,
and also eventually realise the economy of scale, it was necessary to
design a larger PHWR system, 500 MWe PHWR was evolved to fulfil this
need The design for 500 MWe are ready and we are well set to get
on with the construction of 500 MWe PHWR units, with the first units
at Tarapur. Sites for setting up of 6 x 500 MWe (PHWR), ( 4 umits at
Rajasthan & 2 at Tarapur) and 4 x 220 MWe (Kota, Rajasthan), have been
cleared and advance action for developing infrastructure and procurement
of long delivery items has been taken up.

Nuclear power program in India, has addressed all aspects that are of
concern to public which mainly relate to safety, management of high level
and long lived radio-active wastes. Safety standards followed in nuclear
installations high and generally in line with that of international norms.

“All the technical aspects associated with the handling of the wastes have
- been addressed.

Both the old (Tarapur, Rajasthan & Madras) and new generation nuclear
power statioris (Narora & Kakrapar), have performed very well attaining
cumulative life time capacity factor near to normative value and selling
power at competitive rates. Recently, nuclear power plants crossed
generation of one lakh million units mark. The 120 reactor years of
operating experience has been free of any incident leading to release of
radio-activity into the environment. While operating these plants, number
of challenging maintenance activities have also been handled successfully
by developing indigenous technology. -

A beginning has been made for the second stage of nuclear power
program. with the setting up of a Fast Breeder Test Reactor (FBTR) at
Kalpakkam, and recent commissioning of a 30 Kwh research reactor
"KAMINI", which uses Uranium 233 as fuel. It is planned to set up one
unit of 500 MW(e) Prototype Fast Breeder Reactor (FBTR) the desxgn of
which is fast progressing, .
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India has also mastered fuel cycle technologies, from mining to
fabrication of natural uranium fuel, fabrication of enriched uranium fue],
reprocessing technology, fabrication of Plutonium and Thorium based
fuel required for our future program. All the technological aspects related
to short term and long term storage of nuclear waste have been
appropriately addressed. The related waste management facilities have
also been satisfactorily developed. |

To summarise, the concerted efforts put in by Department of Atomic
Energy (DAE) and its constituent units together with Indian industries and
mstitutions have led to development and full capabilities to design,
manufacturing of equipment, construction, operation and mamtenance of
nuclear power plant.  Today India is amongst the select band of few
countries of the world who have developed such capabilities.

India's nuclear power programme has .now matured as a safe and
economical option for not only meeting the country's power demand, but
also can embark on exporting the technology, and it is poised
technologically for an accelerated pace of growth.

Notwithstanding the indigenous developments, the light water reactors
have been the mainstay of nuclear power programmes in most countries.
These were offered as possible international projects in the past.
Presently, India is considering the offer of the Russian Federation for two
1000 MWe VVERSs to be built by 2008-2009. Similar additions to our
nuclear power programme in terms of additional LWRs of advanced
designs from international projects can be considered to augment nuclear
power programme in the coming decades. This is, of course, assuming
that the terms of offer are appropriate to the Indian context.

Problems faced

1. In most of the countries development in Nuclear Power sector have
been achieved by international co-operation supported by funding
credit. However, the innovations and improvements incorporated by
India in its standardised 220 MWe PHWR (Narora onward) involved
considerable efforts in research and development, as well as,
technological ~improvements in the industrial infrastructure in the
country; This, India had to achieve all by itself in view of various
embargoes it faced and still faces in several technological matters
connected with nuclear power. It is because of this, that earlier plants
took somewhat longer period of gestation. We are also facing similar
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difficulties in developing technologies for inservice inspection, life
extension programmes and spares for imported plants. We are in a
position to develop all related technologies and recent coolant channel
removal work from Unit-2 of Rajasthan, within a reasonable time and
manrem consumption, has amply demonstrated our capabilities.

Nuclear Power, which has proved to be a cleaner source of power and
is not associated with emission of any harmful gases associated with
global warming and acid rain, is expected to play significantly larger
role in meeting the electricity demands. It is worth mentioning that,
Nuclear Power generation in any part of the globe will not only serve
that region, but should be considered as an essential element in the
global energy policy.

. The country's nuclear power programme has not grown due to financial
crunch. Unlike other infrastructure, proposals to set-up nuclear plants
with foreign technology and soft term loans from the international
financial institutions, is not available for the nuclear sector due to
technology regime control. Financial borrowings from the domestic
market are for a limited period of five year only. It is too short a period
considering gestation period for power plants, even at international
level. This also leads to a vicious circle where further borrowing
becomes inevitable to pay the previous debts, more so, when new
capacities are to be added. As for a nuclear power station, it takes 10-
12 years to repay the loans after commencement of operation of
plants. Long term financing from the Pension fund / Provident Fund,
and similar such funds, should be considered.

. So far, the nuclear power has been owned and largely funded by
Govermnment of India, with limited finances from public, in form of
short term maturity period bonds. The programme has been
implemented by Nuclear Programme Corporation / Department of
Atomic Energy. The nuclear power programme in India could not grow
at the desired pace due to the financial crunch and limitation of
.borrowing money from the public. However, in view of larger role
which nuclear power has to play in future. It has become imperative to
consider various other options / possibilities of implementing the
programme. | | |
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Indian Atomic Industrial Form (IAIF), an Association of NPCIL, DAE
and its other constituent units, Nuclear industries, R&D organisations,
Consultancy and financial institutions, has been launched recently with
a prime objective of working on various options / possibilities  for
accelerated implementation of Nuclear Power Programme. Various
options which can be considered are :

a) Loans from industries in the form of suppliers' credit.
b) Equity participation from private parties, both Indian / foreign.

c) Joint ownership, with NPCIL / DAE being responsible, only for
nuclear island of the project and the entire conventional and
utility system with other partner.

d) Entire project management together with (c) above - and further
operation of the plant with similar areas of demarcation.

Indian Atomic Industrial Forum would also establish and enhance co-
ordination with the developing and developed countries in the areas of
nuclear science, technology and power by providing mutual co-
operation, and technical assistance. IAIF would also establish and
maintain close contact with various international agencies and industrial
groups and organisations engaged in similar activities, and with
countries having a nuclear power programme or planning to have one.

kkkbdbbdbddd
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STATUS OF NUCLEAR POWER PROGRAM IN INDONESIA

M. Iyos R. Subki
Director General, Batan - Indonesia
Presented at 30™ JAIF Annual Conference, Tokyo 8 - 11 April, 1997.

1. INTRODUCTION

The demand for electricity grows continuously in every country, especially in
developing countries. This increase goes along with the rate of population growth,
economic development and rapid development of industrial sector. To fulfil this
demand, it is becoming more difficult to depend on the existing resources due to their
limited availability and logistic as well as environmental constraints.

It is, therefore, very important to take steps to seek other alternatives for large
scale supply of energy, the requirements for the alternatives are among others : energy
supply security, proven safety, technology provenness, economy, financialibility, and
social cultural as well as environmental acceptability.

Based upon these considerations and supported by human resource and
infrastructure development and also continuing public acceptance activities, the option
of nuclear power can be the right alternative energy for the up coming energy mix
scenarios.

With nuclear power within the energy mix, above requirements will be well
guaranteed.Additionally, nuclear power in Indonesia will be developed to improve
synergy of energy resources especially synergy between fissile and fossil fuels, and to
enhance harmony of energy system with people and environment.

The demand for energy in 1995 was 1,311 MBOE and supply was 1,134 MBOE.
This means there was already an energy deficit of 177 MBOE. In the 2020 the demand
will be 2,168 MBOE and the supply will be 2,534 MBOE. The balance of supply and
demand will be due to increase use of coal, nuclear and possibly geothermal, while oil
and gas supplies will level off or decrease.

2. THE NATIONAL ENERGY POLICY.

The National Energy Policy is depicted in KUBE or the General Policy
Guidelines for Energy Sector. Briefly , our energy policy has four main objectives, they
are :

e to secure the continuity of supply of energy for domestic use at prices
affordable to the public.

* to enhance the quality of life of the people.

° to stimulate economic growth.

° to reserve an adequate supply of oil and gas for export, as a foreign
exchange source for national development.

There are three policy measures adopted by the goverment to achieve the
objectives, they are :
e diversification : to reduce dependence on only one type of fuel and to
include other alternatives.
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e intensification : to increase and expand expolaration of energy resources
available in the country.

e conservation : to economize energy production and utilization.

Implementation of energy policy covers several aspects such as issuance of
regulations, standards, energy pricing incentives and disincerntives, and the application
of appropriate technologies. The technologies that would be considered are identified as
follows :

e Technologies to produce substitutes for oil, as oil is non - renewable.
Gasification and liquefaction of coal could well meet the fuel needs of the
future.

e Technologies to support a more sustainable energy supply, through the
harnessing of our potential renewable energy sources.

* C(lean and efficient energy technologies to support environmental
programme and sustainable development.

3. FEASSIBILITY AND VIABILITY OF NUCLEAR POWER

Feasibility of Nuclear Power Plants from the following points of views has been
confirmed through the Feasibility Study and Site Investigation which was completed in
May 1996 :

» technology provenness

» safety acceptability

e economic viability

» fuel cycles feasibility

o decommissioning consideration

» site availability

» environmental and socio - cultural considerations.

» human resources availability and infrastructure considerations.

Based on this feasibility study and in congruence with our national energy policy, we
have shown that nuclear power is essential for medium and long term supply of energy
in

Indonesia.

The result of the feasibility study for the generation costs shows that the
generation costs of conventional scheme for 600 - 900 Mwe class Nuclear Power Plants
units are competitive to the generation costs of similar capacity of Coal Fired Plants
using deSOX and deNOX. The generation costs of these NPPs vary from 48 mills/kWh
to 61 mills/kWh, and for coal fired plants the generation costs are around 63 mills/kWh.
Actually in the BOO scheme, the generation costs of coal fired plants are 82 mills/kWh
for Paiton I and 64 mills/kWh for Paiton II.
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4. PROBLEMS AND THEIR POSSIBLE SOLUTIONS.

We still have some outstanding problems in the effort to introduce the first
NPP’s in Indonesia, notably the problem related to organizational infrastructure, to a
larger extent our problems are related to financing scheme and to a lesser extent to
public understanding on nuclear power issues.

Through the new nuclear energy law which was passed in the parliament on 26
February 1997: BATAN will remain to be the organization for nuclear R & D fuel
cycles development, nuclear safety technology development, nuclear services and
promotion of nuclear energy. A separate and independent Nuclear Regulatory Body for
the regulation of nuclear activities will soon be established. Meanwhile, Nuclear Power
Company will also be proposed and established with the function of NPP’s construction
and operation.

Cooperation in the field of human resource development is definitelu required
for the above organizations.

A more difficult problem is related with the financing scheme for the project.
The government seems to require a loan which should be off the balance sheet of the
government. Therefore, we are developing various financing schemes including:
traditional, BOO, barter financings and combinations thereof.

We have now finalized the traditional and BOO schemes, while the barter or
counter purchase scheme will be finalized by the end of 1997.

In the BOO schemes, vendors will still require some form of sovereign guarante,
which the government cannot accept yet. The BOO schemes implies also additional
costs and complexity, it requires some additional supports from the government notably
in : public acceptance, third party liabilities, long term radioactive waste management
and decomissioning. The need to share financial and non - financial risks at the side of
foreign investors can require government participation in the form of partial equity.
Then it would become essentially a modified BOO scheme.

Public information and education will form continuing activities for the
promotion of nuclear energy applications. A special attention should be given to the
impact of negative infomation given to the public by a small group of antinuclear
activists. We think we should be cooperating in developing a new strategy to make a
public acceptance program succesful. For this purpose we will redefine the following
activities :

e redefinition of target audiences.

e developing methods of communication.

° topics for public education and discussions, taking into account the
negative information given by antinuclear group.

e partners for undertaking the activities.

In general with above programs related to the financing scheme development
and public information activities, and also with the success in getting the approval at the
parliament on the new nuclear energy law, the nuclear power program in Indonesia is
still on the track.
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So Many Reasons for Nuclear Facilities Being Deemed Unacceptable
Citizens' Nuclear Information Center J. Takagi

1. Lack of basic acknowledgement of potential risk.

A nuclear facility could potentially be a huge hazard, but nuclear industry people
would not like to acknowledge this basic fact.

2. The nuclear industry always tries to evade confronting this intrinsic difficulty by
spending huge some of money on subsidiaries and other nonessential things..

3. Unwillingness to publicize information. The basic position of the government and
nuclear industry on information disclosure is that they disclose information only to
facilitate public acceptance and they do not basically acknowledge the citizens' rights
to know or freedom of information rights.

4. The nuclear industry tends to avoid arguments, and they even do not know often
how to argue before the public.

5. The government and nuclear industry do not respect local residents' opinions.
Even if they got a "No" answer from the residents in a referendum, they say, "national
policy is superior, and the residents' understanding is insufficient”. The truth is that
the government and the utilities lack a full understanding what the residents think.
6. All-out pro-nuclear policy |

I can hardly understand why Japanese nuclear utilities so obstinately concentrate on
advocating for nuclear energy.

7. The government and nuclear industry form the so-called nuclear family and want to
decide everything inside this circle. It seems to me quite anomalous that we can
never hear diverse opinions from inside the nuclear industry at least officially on
subjects like the nuclear cycle policy option or reactor type strategy on which there
should be varying or even splitting opinions. This also makes very ambiguous where
the responsibility lies in nuclear decision making and its implementation.
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Nuclear Facilities Siting — Problems and Perspectives

Yoichi Masuzoe
Political Scientist

As a precondition for discussion of nuclear power generation, it is necessary to
understand the world energy situation. First, we should know the estimated
amount of energy reserves, such as coal, oil, and natural gas. The past two oil
crises resulted from concerns over the limited supply of energy resources. Next,
with rapid economic growth in Asia, energy demand has sharply increased. A
third oil crisis could be triggered by this sharp increase in energy demand.

It is difficult to convince people of the necessity of nuclear power generation,
without such basic information being widely shared. Since energy supply and
demand is closely related to lifestyle and production methods, it may be right to
declare that one's attitude toward nuclear generation is the choice of whether to
continue to enjoy the benefits of today's technology or to go back to pre-modern life
(or at least to reexamine today's energy-intensive lifestyle).

When a nuclear power plant is constructed, it is expécted that local residents will

resist it. Regarding so-called "public acceptance," it is important to consider the

following points:

(1) The entire nation's understanding and evaluation of nuclear power generation

(2) The entire nation's understanding and evaluation of municipalities where
nuclear facilities and military bases exist

(3) The affluence of the municipality where a nuclear power plant is located;
whether or not there are other important industries

(4) To what extent safety and environmental measures are implemented

(5) Whether or not a crisis management system is established

In recent years, public referendums have had significant effects, as in the case of
Maki-machi. It is also necessary to consider this issue. A referendum based on a
local ordinance is not legally binding, but politically very important. We
should ,therefore, try to incorporate a referendum into the present Japanese legal
system.
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